[N Analytics

Energy. Economic and Environméntal Research

1028 Busse Highway, Park Ridge, Illinois 60068-1802

Tasks 6
FINAL REPORT

Project

ASHRAE 1286-TRP
Evaluation of Building Energy Performance Rating Protocols

Prepared by

Jason Glazer, Principal Engineer

Prepared for

Project Monitoring Subcommittee
ASHRAE Technical Committee TC 7.6 - Systems Energy Utilization

December 6, 2006

This is a draft document intended only for intenmsé by the Society, including review and discussilb may not be copied or
redistributed in paper or digital form or postedasnunsecured Web site without written permissiomfASHRAE.

ASHRAE has compiled this draft document with céwet, ASHRAE has not investigated, and ASHRAE expyedisclaims any duty
to investigate, any product, service, process,gutore, design, or the like that may be describegime The appearance of any
technical data or editorial material in this dddcument does not constitute endorsement, warcargyaranty by ASHRAE of any
produce, service, process, procedure, design dikdheand ASHRAE expressly disclaims same. ASHRI&Es not warrant that the
information in this draft document is free of esoand ASHRAE does not necessarily agree with tatgraent or opinion in this
draft document.



GARD Analytics 1286-RP —Final Report



Table of Contents

F ol [0 1T [T [ =T 1= (PRSP Vii.
EXECULIVE SUIMIMAIY ...t eii it e e ettt e e e et et e e e e e e s smmm et e e e e e e e e bbb e e e et e e e e e s e e b e e e e anns X
N {11 0 T ¥ Tod 1 0] o 1
Y (V= o)l = T=T o Ted o1 = U (T T PP 1
1.2  Categories of RAtiNG PrOtOCOIS ..........ci i cmmmer ettt e e e e e e e e 2
1.3 SCOPE OF WOTK ...t ettt e e e e e e e e e e e et e e e e e e e e e e e e aeeeas 3
1.4  Evaluation and Application APProach..........cceeioiii i 4
2 Identify and Select Performance Rating MethOUS . .cooooieiiiiiiiiiic e, 7
Nt R O | o] 1o 1Y 7
A2 1Y/ 1Y T To (o] o T | V7S 7
P B e (o] (o o] K30 o TU o o [P RPPPPP RPN 8
2.4 Selection Of ProtOCOIS........cooi ettt et e e e eeeeeeesseeseeesssnnnnnnnnees 22
ST (o (=T oy Tor= i o) g o) =0 1o 1 oo L= 23
1 0 A [ o1 1o o (U Tt 1o o I PP PP PPPPP PP 23
3.2 APPIOACK e ——— 23
3.3 QuestioNNaire DEVEIOPIMENT ......... it ceeeeeeeeeeeeeaeetteeteeeebeeeeeeeeeeeaae s mmmnmeeseesseessensnnnsnnnnnnne 24
B S 0 [ V=3 VA md (0101 PRSP 26
3.5  Selected Primary BUIlAINGS ........uuuiiiiiiiiiieeei sttt 27
3.6 Supplementary DAtabhasE .............u i e 29
4  ENERGY STAR fOFr BUIIJINGS. ...cetiiiieiiiiiiet ettt e e e e e e e s siiiteeeeeeaeeeesssmnneeeeessssnnsssneeeeeeeeesannnnes 31
R O 1Y V1 PP PPPPR T PPP 31
A = Tor o g (o= Y= 1 37
VG T AN o] o] [ o%= 11 0] o 1 49
A4 BASEIINE ... e e e e e e e — et et e e e e e e rreaaeeees 58
T 101 o101 RS Y= 0 =] (1771 7% 59
4.6  Supplementary BUildiNgS ......cccoooiiiiiiii et 67
A o U] [ o PP PPP PP PPPPPPPPPPPPR 70
5 ARCH/CALARGCH ...ttt ettt e e oo e e ettt e e e eest ettt e e e e e e e s e bt bb e e e e e e e e e eeaaan 73
S0t R O Y= V1 73
A = Tod o g o= 1 =] I PR 81
LR T Y o] o] [T 4o o I 84
LG = L= ] 1= 90
5.5 INPUE SENSITIVITY ....ciiiiiiiiiiiiie e mmmme et e e e e e e e e e e e e e e e e e e e e e s n e rreaeeeeas 93
5.6  Supplementary BUIINGS .........uuuiimiiiiiiiceiee ettt eeea e e e e 105
o A B 1o 13- (o ] PP P PR PPPPPPR 108
6 LEED-NC/LEED-EB ......ooeeiiiiiiiiiiiiiiiiee sttt e e e e ettt e e e e e e e s e s e e eee e e e e nnssaeeeeaaaeeeeeennnnnnnes 111
I A © Y= V1 TP PP PPPPPP PO 111
6.2 TECHNICAI BASIS....cciiiiiiiiiiiiiiti ettt ettt e e e s senr et e e e e e e s ettt e e e e e e e e e aae 120
LSRG T Y o] o] 1 0¥ 1o o IR 132
L = T L= ] 1 = 134
LR T 10T o T LA 1= ST/ 137
LG B 1o 11 (o] o PP PP PPPPPPPPPPR 138
I = = {1 = N PSRRI 139
A R © V=T V1 PP PPPPPP PO 139
7.2 TECHNICAI BASIS.....ciiiiiiiiiiiiiiti ettt e et e e e e e s et et e e e e e e s e a bbb e e e e eeeeeeaaaes 146
G T Y o] o] 1 0¥ [ o IR 150
A = T L= )11 = 156
AT 10T 01U 1SS 1= 117125 158
L T B 1T ox 013 o] o P 160
8  ENERGYQUIAE .. .cciiiiiiiiiiiee e ettt sttt e a2 e 22 e e sttt e e e eeeeessmnneeeeeeeeaaanssssseaeaaaeeeesennnsnnsnees 161

GARD Analytics i 1286-RP —Final Report



S A @ Y] V1 PP PP PPPPPP PO 161
S T = Tod o oo | - T OSSPSR 165
SRS B N o] o] [[or= 1 1 o] o H PP PPPPPPPPR PPN 168
8.4 BASEIINE ... e — e e e bbbttt e e e e e e e raaaae s 171
TR T 10T 01U LA L= 0 117175 172
8.6  Supplementary BUIIAINGS .......ccooiiiiiiiiiiieiee et e s e e 189
S B 1o 13- (o] PP PPPPPPR 193
(I @fo] g o T= T T<To] g Tr=T T I @] o Tox 11 13 o o 15PN 197
9.1 Scope Of APPIICALION ...t 198
S I 1 g1 o o= = = 1 SO 199
LS IR T [0 o1 | = To (U 1T (=T 1= € 199
S I O U1 o 10 =Yg o B I = T K] o F= 1 = o o 200
0.5  Part Of CertifiCation PrOCESS ... .ottt et eee e snnsnnnnnnnns 201
LS BT 1 0] (= T o [N d 0= ] 201
9.7  Influences DeSIgN OF REIOfIL ..........uuuiiiimmmm e e e e e eee e e ee e ee e e 201
9.8  ApPlcation BaseliNe.........cooiiiiiii ettt n e nn e nnnnnne 202
9.9 INPUL SENSITIVITY ....ceiiiiiiieeee it mmmer ettt e e e e e e e e e e e e e et e e e e e e s eeeeeeas 207
9.10 Supplementary BUIIAINGS ........uuuuiiiiiiiicceiee ettt e e e e e a e e e e e e e e e 213
LS 00 It O @0 o 113 o T 214
10 RECOMMENAALIONS ... e e e e e e e e e e e e e e e e e e e 215
10.1 Standards and GUIAEINES ..........coiiiiiiieeeeeene e e e e e e e e e beeee s 215
10.2  Prioritized FULUre RESEAICH ..ot e ettt e e e e e e e e e neeee s 218
10.3  Training and COMMUNICALION ........uuuiriiiiieeeeaae e et e e e e e e e e e e e e e s e e e e e e e e e e nnnrneees 219
10.4 New Rating Protocol RECOMMENAALIONS.........coemmmeirrrrriiiiiiiiiniiiieriineeeaeeeanna——earrrrr.. 220
10.5 Summary and CONCIUSION...........cvuiiiiieitceeeeeeeeeeeeeeeeeeeeeeesaeeeeeaeeaeereeser s errrereeesseereeeeeseesaneeeees 223
11 ] (=] €= o L S 225

Appendix A — Questionnaires

GARD Analytics il 1286-RP —Final Report



Table of Figures and Tables

Table ES-1 — Buildings in TOPp Half.......oovvieeeee e, X
Table 1 — Implications Of Cat@QOIIES. ... ..ottt e eeeeeeeeeeeeeeseeeseeeeeeeseennnnennnsnnnnnnnns 2
Table 2 — Search Terms Used 0N INTEINET ... ..o 8
Table 3 — Initially Identified Commercial ProtOCalS............cooeiiiiiiiiiiie s 8
Table 4 — Initially Identified Residential ProtOBQL...............ccooiiiiiiiiiiiiiiieos s 10
Table 5 — Use of ASHRAE Documents in ProtOCOIS..........ooooii i 13
Table 6 — Building Classifications used iN Prot@COL............uuiiiiiiiiies e 14
Table 7 — Approaches for Protocols with Documeatatind ASHRAE References...........cccoeevveieeenn. 18
Table 8 — Approaches for Protocols with DOCUMEAMALI...............ccuviiiiiiiieeeiiiiemmee e 19
Table 9 — Approaches for Protocols without DOCURRBOR..................eeurueeeneeeiiiiimmmmme e e e e e e eeeeeeeeeeeeee 20
Table 10 - List Of DAtA NEEUEM .........ouiii ittt e e e e e e e s s eeeaeeas 25
Table 11 — SeleCted BUIJINGS ........cooi oottt a e e s et e et e e e e e e e r e e e e e e e e e e nnnnnees 28
Table 12 — Meeting Requirements Of RFP ...ttt e eeeeeeeeeeeeeeeennees 28
Table 13 — NWEEA Commercial Building StOCK ASSESSINE.........uuuuuuuiuiiiiiiiiiiieesiee s e e s searennennnennnnnanns 29
Table 14 — NWEEA BUIldiNG LOCALIONS ... .uuuuieeeeeiiiiieiiieeiieeeeeevveesveesteesesssssesseessssesssseessssssssssssssssssrnnnnnes 29
Table 15 — Building Type Changes by FIoor SPacer@WUBE............cooeeiiiiiiiiiiiiiiiiee e 30
Table 16 — NWEEA Commercial Building StOCK ASSESSINE..........uuuuuuiiiiiiiiiiiiieesiee s s e s seearenneennnnnnnnanns 30
Table 17 - Office size qualification for ENERGY SRABUIIAINGS..........vvviiiiiiiiiiiiiiiiiiiiiccree e ee e e 32
Table 18 — Number of Room Requirement for Hotel@lat ENERGY STAR for Building................... 32
Table 19 - ENERGY STAR for Buildings InformationdRBred...............ceevveeeeiiiiiiiiiiiii e 34
Table 20 - Cumulative Use of ENERGY STAR fOr BUIIGS ............uvvviiiiiiiiiiiiiiiiiiiie s s e e e e e eeaeeaans 37
Table 21 — Data Sources and NUmber of RECOIAS.....c..cooi i 38
Table 22 — Filters Used wWith Database.......cccoaa e 41
Table 23 — Source ENergy MUILIPIIEIS...... .. e 43
Table 24 — Examined Independent Variables...cccoooo oo 44
Table 25 — Measure Of MOUEI Fil.........oo ittt e et et eeeeeeeeeeeeeeeeeeaseeennnnnnees 45
Figure 1— Add Facility Page for ENERGY STAR .. cevuviiiiiiiiiiiiiiiiiiiiuiienreneneeensesnnnsssessrsesr.. 49
Figure 2 — Facility Summary Page for ENERGY STAR ... 50
Figure 3 — Add A Space Page for ENERGY STAR ... .. 52
Figure 4 — Space Details Page for ENERGY STAR ettt 53
Figure 5 — Add a Meter Page for ENERGY STAR . eeieiiieiiiiiiiieieeeeieeeveeessaasvesveeeeesseesseeseeesseeeseeeseees 54
Figure 6 — Edit Meter Page for ENERGY STAR ...ccoiii it 56
Table 26 — Output Variables for ENERGY STAR....ccciiii it 57
Figure 7 — ENERGY STAR Baseling RaAtiNGS .....coooeeieeiiiiiiiiiiiiiiieieeeeeeeeeeeeveeeeeeeee e e e e e e e ee e eeeaaeeeees 58
Table 27 — ENERGY STAR PerMULALIONS. ........coeeeitiiiiiiieeeae sttt et e e e e e e s ssmeeeee e e s s snisbbeeseeeeeeeasaanne 59
Figure 8 - ENERGY STAR Ratings for Hot and Coldn@ies..............cccovveeeiiiiiiiiiiiee e 60
Figure 9 — ENERGY STAR Rating with Plus and Min&/4d Energy Consumption... OO o ¥ &
Figure 10 — Comparative Ratings of Reduced Areadmeréased Energy with ENERGY STAR ........... 62..
Figure 11 — ENERGY STAR Rating for Schools with Reeld Heated Area ..............cccevveeeiiiiceecceeeeen. 63
Figure 12 — ENERGY STAR Rating for Schools with Reeld Months of Operation..................ccceeeees 64
Figure 13 — Cooking Impacts for ENERGY STAR RatingCchoOoIS..............coovvviiiiiiiieeieee s i 65
Figure 14 — ENERGY STAR Ratings for Schools withdianical Ventilation ....................................... 66
Figure 15 —Supplementary Schools in ENERGY STAR. ... 67
Figure 16 —Supplementary Hospitals in ENERGY STAR.........ccooooiiiiiieeeee e, 68
Figure 17 —Supplementary Lodging in ENERGY STARu .ot 69
Figure 18 —Supplementary Office in ENERGY STAR. ..ot 70
Table 28 — Cal-Arch Building Cat@gOriZatiON .. e «.eeeeeeeeeeeeeeeiiieeiiietieeeteeeeeesieeeeeeeeeeeeeeeeeeeeessenssnssnnnennnes 74
Table 29 — Building TYPES IN AFCH ....uuuiiieeeee ettt 75
Figure 19 — The Nine Census Divisions used bY ArCh.......coooo i, 76
Figure 20 — Climate Zones fOr Cal-ArCRN ........ooo it nneseeneennens 77

GARD Analytics ili 1286-RP —Final Report



Figure 21 — Histogram results from ARCH...........uu i 79

Figure 22 — Histogram with Cumulative Percentagap@rirom Cal-Arch ... 80
Figure 23 — WeDb INput Page fOr AICI ...... .. ceceeee et e e 84
Figure 24 — Web Input Page for Cal-ArCh ... 85
1002 T Y (ol o I =S L 86
Figure 26 — Cal-Arch ReSUILS (TOP Of PagE) ..o 87
Figure 27 — Cal-Arch Results (Bottom Of Page) .cccee. oo, 88
Figure 28 — Examples of Arch HiSTOQramsS .....coeeeeeueeeiieniniiccie e 89
Table 30 — Scales for Energy Use Index AXIS fOrNALC..........euiiiiiiiiiiiiiiee e rmmmeee e 90
Figure 29 — Arch Baseline RatiNGS ... eeeniiieee e 91
Figure 30 — Cal-Arch Baseline Ratings — NO ZIP COUE..........uuuuuiiiiiiiiiiiiiiiieiiiensienennreseereenrrrrrnrren. 92
Table 31 — Arch PermMULALIONS .........ooeiiii s oottt e e e e e e e e e e e e e e e e e e e e e eaaeens 93
Table 32 — Cal-ArCh PerMULALIONS ........ ... e eeeeeeeeeeeeeee et et e e et e ettt et ee et eeeeeeaaaaaaaaaaaaeaaeeaaeeeeeeeeeeeeeeeeeeees 93
Table 33 — Cal-Arch and California Energy Code GHeNZONES.........cccooeveeiiiiiiiiii e 94
Figure 31 — Arch Rating for No ZIP Code and Bagelin.............c.uvuiiiiiiiiiiuiiniiernssmmmmmsssesssssssessnenssnnnnnn. 95
Figure 32 — Arch Ratings Using Hot and Cold ZIP €8d...........ccooiiiiiiiiiiiiiie i mrmeee e 96
Figure 33 —Cal-Arch Ratings with Alternative ClIMaL.............ccvuiiiiiiiei e 97
Figure 34 — Arch Rating with Plus and Minus 15% greConsumption.............ccccevvvvvviievi e 98
Figure 35 — Cal-Arch Rating with Plus and Minus 16%ergy Consumption.............ccccoeoiieiviecceecnnennnns 99
Figure 36 — Source versus Site Energy Based RaMYICh............ooeiiiiiiiiiiiii e 100
Figure 37 — Source versus Site Energy Based RatinQal-Arch.............cccccuvuieniniiiiceeeeinnn 101
Figure 38 — Reducing Area by 15% Compared to IrsingeEnergy by 15% for Arch Ratings ............ 102
Figure 39 — Reducing Area by 15% Compared to IrsinggEnergy by 15% for Cal-Arch Ratings......103
Figure 40 — Ratings Using the Area Filter in Cat¥\i...............oiii e 104
Figure 41 — Supplementary SchooISRatiNngS iN ALCh ..o, 105
Figure 42 — Supplementary Hospitals Ratings in AICKL..........coiiii e 106
Figure 43 — Ratings for Supplemental HOtelS/MOIRIBICH .............oeviiiiiiiiiiee e 107
Figure 44 — Supplemental Office Buildings Rate@DN...............uuueeiiiiiiiiiiicie e riee e, 108
Table 34 - LEED Levels and POINtS NEEUEM ... e eeeeeeeee ettt 112
Table 35 — LEED Registered Projects Dy BUildiNG @Y. .....ceeviiiiiiiiiiiiiiiieeeeeee e 117
Table 36 — LEED Projects Based 0N OWNEISNIP e e iieeiieeieeeeeeeeeteeeeee e 117
Table 37 — LEED Projects Based on Location (US Dnly............oooooieiiieeeeeeee, 118
Table 38 — LEED Certified ProjeCtS BY LEVE ..o eeeiiiiiiiiiiieiieeeeeee et 119
TaDIE 39 — LEED-NC FEES......cciiiiiiiittts ettt e e e e s sttt e e e e e e s s samnnee e e e e e e e s bbb b et e e e e e e e e e nnnbbaeeeees 119

Table 40 — Calculation Summary for Energy and Afphese Credits for LEED-NC....................co .. 125
Table 41 — Calculation Summary for Energy and Atphese Credits for LEED-EB...................c .. 127

Table 42 — LEED Point DIStHDULION ... 130
Table 43 - LEED Levels and POINIS NEEUET ... e eeeeeeiiiiiiiiiiiiee ettt e e e e 131
Table 44 — Points for Energy and Atmosphere CréditEEED-NC ..............ccccceeeiiiiniiiit e 131
Table 45 — Points for Energy and Atmosphere CréditEEED-EB................ccccoiiiiiiiiiii e 131
Table 46 — ENERGY STAR Points Needed for LEED-EB .........ooviiiiiiiieee s 132
Table 47 — LEED-EB Survey QUESHION MaPPING .. e eeeeeeeeeeiiieeiieiiieeseeeesessssesssssseeeesassssseesseessreeeee 133
Figure 45 — Energy and Atmosphere Points Compar@atal Points in LEED-EB ..............cccoeeveeeee... 134
Table 48 — Energy and Atmosphere Points in LEED=EB............ccoooiiiiiiiiiiiiiiiiiiiiiieeeee e 135
Figure 46 — LEED-EB Energy and AtmMOSPNEre POINTS wu.....vvueiuueiiiiicieeees e e 136
Table 49 — Impact of Input Changes on All BUIldIFgELEED-EB............ccccoooiiiiiiiiiii e 137
Table 50 — Several SChool LEED-EB IMPACES........c..uviiiiiiiiaiiiiiiiiei e smeeeee e e 138
Table 51 — BREEAM for Office 2004 Points Availahle............ooooiiiiiiiiiiii e 140
Table 52 — BREEAM for Offices Losses MiNUS GaiNG@N.................ueeeiiieriiiiiiiiiiiiicieeseeiiiieeeee e 141
Table 53 — BREEM for Offices Net CO2 EMISSIONS @M. .......uuuuuuuuneiiiiaaeeeaae e mmmmmeee e e 141
Table 54 — BREEAM for Offices CO2 Improvement Ctedi..............oeeeeeeeeiiiieee, 142
Table 55 - Recommended Fee Scale for Office BREBBIKIE).............ovvviiiiiiiiiiiiiiiiieeeeeimmmmn e eeeeeeeeens 144

GARD Analytics v 1286-RP —Final Report



Table 56 - Recommended Fee Scale for Office BREEBIES) ..........oovveiiiiiiieiiiiiiie e 144

Table 57 - Recommended Fee Scale for BREEAM foaIRGIK £)..........coovvvvieiiiiiiiiiiiiiiiiiiccemiiiiiiiinnes 145
Table 58 - Recommended Fee Scale for BREEAM fORIRGISS) .........ccvvvveeiiiiiiie e 145
Table 59 - Recommended Fee Scale for BREEAM fOUSITRL ............cooviiiiiiiiiiiie e 145
Table 60 — Carbon Dioxide Emission Factors from BICKD .............uuviiiiiriiiniiiiiie e 148
Table 61 — BREEAM Offices 2004 Point DiStribDULION .........cooooieeiieei e 148
Table 62 — Score Ranges for BREEAM RAUINGS . e e ceeeeeee et 149
Table 63 — Minimum Percentage for BREEAM RaAtNGS.cau . iiieiiiiiiieiiii e 149
Table 64 — Office Energy Management and Operatiom BREEAM ............cccoooiiiiiiiiiiiiii s 151
Table 65 — BREEAM Survey QUESEION MaPPING ... coommmmenrrrereeieeeeaiiiiiiieeeeeeeeeessssimneeee e s s s ssnnnreeeeeeees 152
Table 66 — BREEAM Office 2004 CO2 Emission IMprod@POINES ..........cccoeeeieeeiiieeiiieiie e e eeeeeeiinnnnns 154
Figure 47 — Changing CO2 Emission Points with IMPTQ SaviNgs .........cccccriiiiiiiiieee s e 155
Table 67 — Energy Points in BREEAM Office 2004...........ooiiiiiiiiiiieeieeeeeeeeeeeeeeteeeee e 156
Figure 48 — Baseline Energy Points in BREEAM OffR304................ooooiiiii 157
Table 68 — BREEAM Office 2004 PermMULALIONS ...ccceeervrriiiiieeeiiiiiiiiieieee e e e esiieeeeee s eeee e e e e e 158
Table 69 — Impact of Common Input Changes on BREEBAMCe 2004 ............oovvvvveiiiiiiiiiiiiieeeeeee 158
Table 70— Impact of Unique Input Changes on BREE@fIce 2004 ..o 159
Table 71 — CO2 Emission Factors from ECON 19 anittiBigs Regulations..............cccccevvvver ..., 159
Table 72 — Different Baseline Consumptions in ECTINL...........oooooiiiiiiiiiiee e 160
Figure 49 — Label from ENERGYQUIAE ..........ccoiiieiiiiiiiiiiiiiiiiiiiiiei e eeeeeeeeeeeeneeeeeneennnnnnes 161
Table 73 — Fuels AlloWwed DY ENA-USE.........coommeeeeeiiiiiiiiiiiiiiiiiiiiiieiieeeeassaasessssssesssnernnsennnernnrannnnanns 163
Figure 50 — Input for ENERGYguide —Part L., 168
Figure 51 — Input for ENERGYQuIde —Part 2. 169
Figure 52 — Input for ENERGYguide —Part 3 ... 170
Figure 53 — Example Building Comparison ResultsHNERGYQUIdE............ccvvvvvvievivervrenes e 170
Figure 54 — ENERGYguide Baseling RatiNgS..........uuuuuuuuummiiiiiie e 171
Table 74 — Baseline Ratings in ENERGYQUIAE ..o 172
Table 75 — Picking Four Building for Some Permutasi in ENERGYguide ..............cooooiiiiieeee . 172
Table 76 — ENERGYguide PermutationS..........ooviiiiii ittt 173
Table 77 —Permutation Details in 29 Building CaemeEENERGYQUIdE .........uuuiuiiiiiiiiieiieeeie 174
Table 78 — Pricing Used by Baseline ENERGYQUIAE...........coooiiiiiii e, 174
Table 79 —Pricing Permutation Details for ENERGYRUL.............oooviiiiiiiiiiiiiieeeeeeeeee e a e e e 175
Figure 55 — Ratings when Entering Hot and Cold Ctitles in ENERGYQguide................cooevvvveeeeeeennn. 176
Figure 56 — ENERGYguide Ratings with Plus and Mifh&% Energy Consumption ... S o
Figure 57 —Reducing Area by 15% Compared to InangasSnergy by 15% in ENERGngde ............... 817
Figure 58 — Ratings when Reducing Operating Hoyrs38%6 in ENERGYqguide... S I 4
Figure 59 — Ratings for Medical Building ChoiCEBENERGYQUITE ..........cccuvmiiiiiieeeiiiiis s 181
Figure 60 — Ratings for Heating End-use ChoiceNEERGYQUIdE.........covvviiiiiiiiviiiiiiiiiiiveeeeere s 182
Figure 61 — Ratings for Secondary Heating End-usad@ in ENERGYguide...............ccccevvvve ... 183
Figure 62 — Ratings for Primary Cooling End-use iCBan ENERGYguIde.........cccccceeeiiiiiiiiceeeneeeen 184
Figure 63 — Ratings for Service Water Heating Esd-Ghoice in ENERGYguide.................cc e, 185
Figure 64 — Ratings for Interior Lighting End-uskdize in ENERGYQUIde........ccccooieeiieeeiie e 186
Figure 65 — Ratings for Percent of Area Cooled €han ENERGYQUIdE..........ccooiiiiiiiiiiiicen e 187
Figure 66 — Ratings for Percent of Area Heated @hi ENERGYQUITE .......coveeeiiiiiiiiiiiiii e e 188
Figure 67 — Ratings for Seasonal Operation ChOIEENERGYQUIAE ............coovvvvviiiiiieeeiee e e 189
Figure 68 — Supplementary Schools Rated in ENERGIMU............cooviiiiiiiiiiiiiiiiieiicee e 190
Figure 69 — Supplementary Hospitals Rated in ENEBGE ... e 191
Figure 70 — Supplementary Hotels/Motels Rated iERBYQUIAE............ccovvveviiiiiiieeeeeeees e e e eeeee 192
Figure 71 — Supplementary Office Buildings RateEMERGYQUIAE .......cccooeieiiiiiiiiiiiii e, 193
Table 80 — Baseline RatingsS COMPAIEQ. ... ccceeriiiiiiieeiiiiiie e e e e e e 203
Table 81 — Buildings Earning Minimum Certification.................uuueeuiiiiee s 204
Figure 72 — Arch, Cal-Arch and ENERGYguide Rati@gsnpared to Energy Star ...........cccccvvvvennnnnn. 205

GARD Analytics v 1286-RP —Final Report



Table 82 — Buildings in TOP Half..........ooiiiiiiii e aneennnnnnnnnanas 206

Table 83 — Input Cases Common to Multiple RatingiMES ... e 207
Figure 73 — Average Climate Shift IMPACT.......cccciiiiiiieeee e 208
Figure 74 — Average Impact of 30% Energy ReduahiomRatings ...........ccoooeeeieeiiiiiiiiiiee e, 209
Figure 75 — Range of Ratio of Reducing Area 15%toeasing Energy 15% ................oooo oo e, 210
Figure 76 — Average Ratio Of Site t0 SOUICE RALNGS.......ccvvieiiiiiiiiiiiiiiii e 211
Figure 77 — Average Ratio of 15% Reduced HoursBaskline Ratings.............cevvvvvvveviiiiieeeeenneeeeeeeenn, 212
Figure 78 — Supplementary SChOOIS COMPAIEA wmmmmmmeevvevrrerriiiriiiririiineienneenneeeannnaeeerrrerrr—————. 213
Figure 79 — Supplementary OffiCeS COMPAIE . cemmmee.iiiiiiiiiieee it 214
Table 84 — ASHRAE Search ReSults fOr ProtOCOIS o cooo oo 215
Table 85 — References to0 ASHRAE DOCUMENTS ....ceiiitiiiiiiiieeiiiiiiiiieieee e e s ssiieeeeee st eee e e e e e 217

GARD Analytics Vi 1286-RP —Final Report



Acknowledgements

Many people contributed during the project by pdavg guidance, information, anecdotes, data, aitidair
review. Specific thanks go to ASHRAE who sponsdheiwork and to the members of the project
monitoring subcommittee that provided direction feetlback on the numerous drafts including: Michael
Deru, Michael MacDonald, Adam Hinge, Tom Hicks, &whnis Landsberg as well as Paul Bannister and
Mary Ann Piette. Appreciation must also be expedds those technical experts who for each rating
method, answered my numerous questions without eampncluding: Bill Bordass, Colin Lillicrap, Jea
Lupinacci, Adam Marks, Nance Matson, Harvey MickaBrendan Owens, Thomas Saunders, Bill
Vonneida, and Tzvety Weiner. Thanks also to thvdse answered the building questionnaire and my many
follow up questions including: Robert Bonilla, L&arter, Dale DeKrey, William Eller, John Fairman,
Stephen Fry, Geoffrey Glass, Subhash Kapoor, Ray,lGreg Lazar, David Mounce, Patrick W. Mullins,
Joseph Piro, Delbert Reed, Craig D. Sheehy, RyawSSteve Sparks, William Thompson, Charles
Turman, Chuck Turner, Frido Verkman, and DavidZimmerman. Finally, deep appreciation goes to the
Northwest Energy Efficiency Alliance and Phil Degdar sharing their excellent survey and detailed
discussions.

GARD Analytics Vi 1286-RP —Final Report



GARD Analytics viii 1286-RP —Final Report



Executive Summary

Building energy performance rating methods proddeay to compare the energy consumption of one
building with other similar buildings. Building overs may use rating methods to determine if investrm
energy efficiency retrofits is justified. Developare using building energy performance ratings to
showcase high performance buildings. Tenantstiaeted to buildings with high energy performance
ratings as a way to minimize facility operatingtsosBy highlighting efficient buildings, energy
performance rating methods stimulate the designcandtruction of buildings using less energy. Bger
efficiency contributes to overall building sustdiliy, which also includes land use, water useal araterial
use.

Many different rating methods were uncovered bgranl literature search and an informal Internarce
including 47 protocols for commercial buildings é8idthat applied to residences. Most of the redide
protocols were based on point systems which haliewaed a high degree of market penetration in traéh
building industry. Rating methods that apply toncoeercial buildings were the main focus of this ezsk

and five were selected for in-depth investigatiasdsl on a range of criteria including the use dfiRB8E
documents, the approach used, the range of buitgdpes, perceived number of users, and amount of
technical documentation available. Eight ASHRA&nslards, two guidelines and the ASHRAE Handbook
of Fundamentals were employed by various ratindhous, mostly those using a point system. The five
methods selected for in-depth evaluation were LEEDEEED-EB, ENERGY STAR Label for Buildings,
BREEAM, ARCH/CALARCH, and ENERGYguide. These rgtimethods were each selected due to their
widespread adoption, business focus, or use ofisienergy use intensity calculations.

In order to test and understand the ratings fraselprotocols, data from actual buildings was gathe

The detailed questions that are part of the LEE(DBIREEAM rating methods made contacting building
operator or facility managers necessary. Pubfarimation from buildings that have been rated urider
ENERGY STAR Label for Building program and the LERBEgram included contact information. A subset
of people were contacted and asked to complet@stiqnnaire about their building. Data on 29 boid
including 15 office buildings, nine schools, fourgpitals, and a hotel were gathered and useddtingethe
rating protocols. In addition, a supplementaryabase of buildings was developed based on a sofvey
buildings conducted by the Northwest Energy Efficig Alliance. Of the 1157 commercial premiseshia t
NWEEA survey, 167 were selected based on buildipg aind availability of actual utility data.

By their very nature, consumption-based protocothsas ENERGY STAR, ENERGY(guide, Arch and Cal-
Arch, do not integrate well into new building desigince they require a year of actual energy coptom

For existing buildings, consumption-based protopotsvide direct feedback on energy consumptiordout
not provide guidance on how to improve the buildim@btain a specific rating. This is probably thest
significant shortcoming of the consumption-basestquols. Once poor performance is found for adiog,
the energy professional or designer must try taiakddditional knowledge about the causes of tlog po
performance in order to identify effective changed achieve a specific higher score. This meaistren

if an owner is willing to invest money to alter thisuilding to become an ENERGY STAR labeled buntyli
there are no guarantees of actually achievinggbak

Design-oriented protocols, such as LEED-NC and BREEor design, often use points to reward the
inclusion of specific design features. For engyggformance, these protocols reward points based on
method such as building energy simulation. Sinnuhais a good way to compare options but ofters fel
provide a good prediction of actual energy consiomptThis means that design-oriented systems that
estimate energy use at design time may resultildibgs that use significantly different amountsenfergy.
Factors such as construction changes, poor conamisgji actual operating schedules, and poor maoglelin
assumptions, can increase actual energy use walhtdahe original estimate. On the other hanthef
achievement of a rating is the overall goal, th@e¢ocols provide a specific methodology to achitnz
goal with minimal risk since actual energy doesimgiact the rating. Design-oriented protocols @dnn
apply to existing buildings unless focused on majiditions to a building.
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Neither design-oriented nor consumption-based podsgorovide a guarantee of actually achieving a
specific energy performance. Thus, the final linkruly improved energy performance is still migsfor all
these methods.

When testing the rating methods with the actudding data, see Table ES-1, only four of the 29dugs
were not rated in the top half by one of the figéng methods and only four buildings were ratethintop
half by all the five rating methods. Twelve of thaildings were rated in the top half of eitherddlthe
rating methods or all but one of the rating methodght of the building where rated in the topfludinone
or just one rating method. The overall conclussothat while some exceptionally good buildings are
consistently rated well across different rating moets, most buildings could be considered “goodsbme
rating methods and not others.

Table ES-1 — Buildings in Top Half

Building Number of Applicable Number of Methods Placing Quantity of Methods Placing
Rating Methods Building in Top Half Building in Top Half

S-003
L-021

0-044
0-055

All

0-018
H-035
S-037
S-053
S-054
H-070
S-071
H-072

All But One

0-013
0-023
0-027
0-028
H-054
0-059
S-069
0-096
S-098

Some

0-022
0-026
S-041
0-050

Only One

0-016
S-067
0-076
0-089

None

oo oog ool Uil ol oo oo O (n
COoOOCORRRRERIMNNMNNMMNWNNNAMNBEARAMRARAMIDMNDOO|lOO O

The five protocols examined each have their onengths and weaknesses. A deep examination of the
protocols has revealed no single clear winner ad#st approach overall. The consumption-basddquis
such as ENERGYguide, ENERGY STAR, Arch and Cal-Arte available for use at no charge and attract
many people based on that. Adding a certificapimtess, such as ENERGY STAR has done, seems to add
credibility and spread recognition of the protocol.
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The five rating methods that were investigatedtested as part of this project provided a goodscsestion
of different approaches. It is clear that the needobust and easy-to-use rating methods fordingls will
only increase as escalating energy prices bringscaeasing awareness to energy conservation. The
recommendations based on the research are:

1.

10.

EPA should update the references in “Professionglrieer's Guide to the ENERGY STAR ® Label
for Buildings” (EPA 2003) to the latest version@tandards 55, 62.1, and 62.2.

Appoint a high level liaison between ASHRAE and E8Aee how Standards 52.1, 55, 62.1, and
62.2 could be improved to enhance their usefulteENERGY STAR and find out if any other
ASHRAE documents could be used or adapted to ke wgkin the ENERGY STAR program.

Agree to a Memorandum of Understanding between ASEIRnd EPA establishing and
maintaining a mutually beneficial relationship tethto ENERGY STAR and ASHRAE standards,
research, training, and communications.

Appoint a liaison between ASHRAE and USGBC to lexlpance Standards 52.2, 55, 62.1, and 90.1
to better meet the needs of USGBC for their LEED{fnhew construction and LEED-EB for
existing buildings.

In Standard 90.1, create a method of rating eneegiprmance from design to operation which uses
the same scale and report operation results batletoriginal design team.

Increase the level of funding and maintain a hayel of funding to provide research in support of
energy performance rating protocols.

Provide ASHRAE training for LEED-NC and LEED-EB cphance focusing on applying the
referenced ASHRAE standards.

An article concerning ENERGY STAR and the ASHRA&nstards it references should appear in a
future ASHRAE Journal.

Develop and provide a training course on ENERGY BTahd the ASHRAE standards it references.

Develop and provide a training course about eneogygervation measures for new and existing
buildings and how engineers can assess the emapgact of changes.
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1 Introduction

Everyday we use ratings to help us make purcha@ogions. For example, we would not purchase a ca
without understanding how many miles it can go @aléon of gas and a computer printer would not be
considered without understanding the number of ppge minute it can print. Most expensive itemgeha
been rated by some measure to allow us to choeseeth and understand its level of function. Wa»alse
ratings to inform us on how we are doing compacecthers. Children receive grades and test scaores
each subject in school to understand how they @iregd Adults are concerned with their credit scame
cholesterol level as measures of borrowing powdrhaalth. These scores or ratings help make the
complexity of comparing items within a category gler to understand. No rating or scoring system is
perfect but they provide an overall indicator thvaty be used to start making decisions or perhapsdin to
focus on the details of a few choices.

The focus of the research reported in this documnsdmtilding energy performance rating methodseskh
methods may be used for existing buildings, newstraction or both to determine how the building’s
amount of energy use compare to a group of sirhilddings. Again, rating methods for buildings ased
to help make purchasing decisions related to tbagdings. For existing buildings, a rating methrody
spur the investment in an energy conservation irgrent to the building or, at least, examining the
building closer using an energy audit to understao to reduce energy use in the building. For new
construction, building energy performance ratinglrads can help guide the design process by prayiam
energy consumption goal or simply by prompting eixeation of energy use during the design process.

Rating methods become even more useful when odymmthod is commonly used. Under a single
common rating system, discussion of the measurenbeg even easier since everyone shares a common
understanding of the overall meaning of the ratilrgaddition, a product that is sold that hasbexn rated
under a single common rating system is unlikelpggurchased, which encourages the widespread use o
the rating system. This empowers consumers anddassdecision makers with a common basis of
comparison for all items in a product category.

Many different building energy performance ratingthods are available so the advantage havingiofjies
common rating method for consumers and businessideenakers does not exist for building energy
performance. Someone trying to decide which bogdo rent for his or her business would not expect
have a common building energy performance ratiraglavle for each choice. Instead, a building eperg
performance rating method could be chosen andgratifculated for each building if sufficient infoation
was available. More likely the utility bills of @vious tenants, if available, may be compared @éith
other. Decisions based on this could lead to eonepus conclusion concerning which building would
minimize energy use or expenditure.

ASHRAE, the sponsor of this research, helps tdoistastandards for the building sector coveringnyna
different HVAC products and for overall efficientilding design and operation. It would be a ndtfirgor
ASHRAE to establish a standard method of ratingetiergy performance of buildings. This research
project may be considered one preliminary stepbh @n effort by close examination of some existing
building energy performance methods.

Even if an ASHRAE standard on building energy periance rating never is developed, this report may
help those trying to choose between different gatirethods. If one or more of the rating methoddeun
consideration were examined, the details can hedjdd between the different systems. |If the ratieghod
was not included in this report, the methodologiescribed and information gathered may still fonen t
basis of a deeper understanding of rating methoddagilitate choosing a method.

1.1 Value of Benchmarking
The value of energy performance rating, also cdilertthmarking is summarized as:
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Benchmarking can be an excellent tool for charazieg the energy intensity (often measured as
annual Btus consumed per square foot) of buildifgsan also be used to track an individual
building’s performance over time and help monitordentify opportunities to improve operation and
maintenance (O&M) practices. Managers who oveessaamber of buildings can use benchmarking
results to rank buildings and identify from thokattneed some immediate attention or those that
perform efficiently. While benchmarking cannotegive same level of detail as a good energy audit
or full engineering analysis, for a relatively sinalvestment of time and effort, it can providecmd
overall picture of energy use for a given facility.is an easy and worthwhile first step to
understanding energy usage and savings potentiahge 2002)

One of the primary reasons for using a buildinggn@erformance rating protocol is to allow for the
identification of which buildings merit further iegtigation and investment in energy conservingifeat
The benefits of commercial building rating are numus and include:

* An owner of multiple buildings can easily determimleich building justifies further investment in
energy efficient retrofits.

» Building developers can legitimately claim a projecbe “high performance.”
* Tenants can be attracted to buildings that dematesiower energy usage.

» Program developers for stimulating the constructibhigh performance buildings need a metric to
guantify high performance.

» Energy efficiency contributes to overall buildingrfiprmance that includes sustainability issues
including land use, water use, and material use.

1.2 Categories of Rating Protocols
While each building energy rating protocol is diffiet, most fall into one of three broad categories:

» Statistical — Protocols based on a statisticafitigion of actual buildings and determining where
the building being rated fits within that distriban

* Points — Protocols that provide points to the rémaitting for best practices used in the buildingi
long list of criteria

* Prototypical — Protocols that compare the ratettimg with conceptual buildings based on good
practice usually using building energy simulatioftware.

The implications of each of these categories aserilged in Table 1. Exceptions for a particulastpcol
may exist, but the table shows the implicationthefgeneric methodology.

Table 1 — Implications of Categories

Feature Statistical  Point Prototypical
Actual Energy Consumption| Yes No No
Empirical Yes No No

Input Needed Small Large Varies
Affects Initial Design No Yes Yes
Operation Oriented Yes No No

Based on Building Database Yes No No
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All three different methodologies, statistical, pioand prototypical, can be vulnerable to providiatings
that do not well reflect the design and operatibthe building. Occupant density for example canyv
greatly in any building type, even a building tygmewell defined as an office. Some office buildihgve
very high occupant densities such as a telemarketirtustomer-support facility. Other office birilgs

may have lower occupant densities such as insuropanies where a large segment of the floor sigace
taken up by files. These differences make it cliffi to create a system that rewards a very efftdiegh-
density building.

The development of a building energy performantiegarotocol is not easy. What first appearsdo b
simply an engineering challenge quickly becomekilgophical debate. Many of the technical dedisio
made during development have implications on whigitdings will be considered above average, average
or below average rated buildings. The term eneffigiency is often misapplied, even in the litera,
concerning energy ratings of buildings. Buildirtlgat score well may not be technically efficient sunply

do not use much energy due to shorter hours oltiparor the lack of features. In a recent studinge
2002), modern schools that included swimming pofétisn scored worse than older schools without such
amenities. It raises the question of how to caiesta rating procedure that is fair and reflectsdyenergy
design and operation.

Another example is high occupant density officddngs that result in high energy use. They cddde
highly efficient chillers and windows but still seopoorly in a rating because of the occupant den3ihis
calls into question the typical use of EUI (eneugg intensities) that are normalized by floor arestead, a
rating system could normalize by other factors sachumber of occupants or dollars generated. r®the
have called for the area used in normalizing tthieearea of the building site instead of the flaga to
show the impact on land use.

How strong of a signal should be provided by thiédding energy rating method? Should it be or net b
highly sensitive to variations in energy use? 8iaduilding’s actual energy consumption varieshey
actual weather and other factors, a building’swatiould conceivably be different at different peim the
building’s history. These issues were discusséd@trecent forums on building performance metrics
(NREL 2001, NREL 2002).

If a statistical approach is used for the ratingtgeol, should it include all buildings in the drigl database
or only those that have been recently construct®d@uld buildings that do not provide the sameisesv
(such as air conditioning) be included? If mukigub-categories of buildings exist such as bigrbta,
single storefront, chain store, etc. should thegdrabined in a statistical distribution or eachédas own
statistical distribution?

As one can see, the questions of categorizatioithvduildings to include in the database and thgpke
goal of a rating procedure can spur philosophigsiiés on the rating protocol. Each of the ratiethods
examined in the project were viewed in terms of hloese questions were answered.

1.3 Scope of Work

The project was conducted over the course of tyeaes and included the following five researchmued
tasks and two reporting tasks. Task reports wepgued as part of each task which have been ceahtiim
this final report. Progress was monitored and egdiidy an ASHRAE project monitoring subcommittee.

* Task 1 - Identify and Select Performance Ratinghdés for Study. Identify as many current
publicly available building energy performancemgtprotocols being used by practitioners as
possible. Select 10 for potential further consatien, placing special emphasis on those that use
ASHRAE products, documenting the basis for sucecsign. Identify 5 of the 10 that are most
appropriate to undergo further evaluation in tHeWwing tasks.

* Task 2 - Technical Evaluation of Methods. Condudetailed technical review of the protocols
selected to be able to describe the technical ls=ipe of application, apparent strengths, and
apparent weaknesses of each method/tool for rdimgnergy performance of applicable buildings.
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Describe the intended audience and to what extenpitotocol can be applied. Evaluate the extent
to which each is based upon empirical data. Diesthe data requirements for each method and to
what extent the rating is impacted by input dataligu

» Task 3 - Identification of Buildings on which to ply the Rating Methods. Identify a minimum of
15 buildings that will be used to apply the seldgtging protocols to obtain rating results.
Approximately one-third to one-half should be offiouildings. Approximately one-third should be
K-12 schools. At least four must be buildings tlvate designed to meet the requirements of
ASHRAE Standard 90.1 (1989 or 1999). The restlshoel a mix of buildings. Select at least two
from the following: a hospital-type facility, a Igohg facility, a restaurant of some type, a groasry
some type, and a retail store of some type areaddsi All buildings selected must have data
required for use in the rating methods availableasily obtainable. Not all buildings may
necessarily be applicable to all rating protocdépending on scope.

» Task 4 - Application of Selected Rating MethodS&tected Applicable Buildings. Apply the
selected rating methods, according to their scopeagplicability, to the selected buildings to abta
the output performance ratings. Finalize the eatéda of the technical basis for each method,
validity of their scope, strengths, weaknesses Jeval of empiricism. Evaluate the user expertise
required to effectively use each method and theghpf user skKill.

» Task 5 - Development of Recommendations. Devedopmmendations on the potential of the
methods studied to impact ASHRAE standards, guids|ifuture research, training for members and
nonmembers, and Society communications. Develiapitired recommendations on future
research related to the results of this project.

Additional technical details on the approach useperform these tasks are shown in the appropriate
sections.

1.4 Evaluation and Application Approach

Each of the five selected rating methods was etedlia detail with a separate section of this regevoted
to each method. Each section also includes teiengating method using data from the selecteldlingjs.
Whereas Section 2 is a broad evaluation of marigibgi energy performance rating protocols, Sect#ns
5, 6, 7, and 8 each focus on providing a deep atialuspecifically focused on the five selectedqeols.
The goals include:

» Determining the intended group of users such ddibgiowners, operators or designers

» Determining the type of buildings that may be benatked including if common variations of those
buildings have separate benchmarks.

Data used in producing a rating for each protoarewesearched with special emphasis on:

» Understanding the source of the empirical data used

* How representative is the sample used in the datecs

* The validity of the dataset selection processny¥f ia used
* The applicability of the data source for the reskaoroject.

The rating algorithm used was researched with esiplua:

* The statistical methodology used to sort or categdhe building at time of rating

* The approach used to combine fuels and electrar@umption for an overall energy factor
* The approach used to represent the rated builditigei distribution of buildings

* The applicability of the algorithm for the reseaypbject.

The amount of input data required for each metbadso important and is directly related to thefulsess
of any future ASHRAE developed building energy parfance rating protocols. Several of the selected
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rating methods require floor area, annual energygemption and a few other inputs. These nhumbers ar
known or can be easily found by building operators.

The primary source of information came from a revad documents related to the building energy
performance rating protocols, but it was not thiy eource of information. To supplement this seunt
information many questions were directed to tecrgontacts for each of the selected protocols.

Two sets of buildings were used to analyze thedinglenergy performance rating protocols in therep
The primary set consists of buildings that had re¢ed by one of the methods with additional data
specifically gathered for this project with adequdetail so that they could be used with as marilief
rating protocols as possible. A brief questionmaras sent to the listed point of contact for ezfdhe
primary buildings to help provide data not avaiéafsbm the original rating organization. The
supplementary set of data is based on an energgted commercial building survey and no additional
details were gathered for those building other tivhat was present in the database.

Arch, Cal-Arch, ENERGY STAR for Buildings and ENERGuide are implemented as Internet web sites,
and cases using them were usually run using aatdmeeb browser. The other rating protocols, LEHED-
and BREEAM, were evaluated using spreadsheetsatiply the methodology described for the rating
protocols. The protocols with a focus on new bogdddesign were not analyzed with the primary or
secondary buildings. Those protocols, LEED-NC BREEEAM for new building construction, cannot be
directly compared with the results of the othertgeols so they were not tested.

To better understand how the ratings vary, a seitgianalysis of the inputs was performed. Fozlemajor
input, such as the floor area or energy consumptiales 15% higher and 15% lower were evaluated
separately. The change in the resulting ratindgeates how each input affects the rating. Theitigity
analysis approach isolates each input variablealodls a determination of how important each input
variable is to the rating procedure.
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2 ldentify and Select Performance Rating Methods

2.1 Objective

In order to broaden the understanding of buildingrgy performance rating protocols, ten different
protocols were initially selected for research. tiéfse, five were selected for immediate reseandtlze
remaining five left as alternates in case reseanciid not be adequately performed on the five setecTo
capture how these protocols may be used interradlyoand by different parts of the building commiyna
good selection of protocols was reviewed. A litera search, a separate web search, and suggestions
the project monitoring subcommittee were usedrtd fhese protocols.

2.2 Methodology

Overall, while the formal literature search proddewealth of references to technical details @fiemint
protocols for rating the energy performance ofdiais, the Internet search uncovered many morequots
and was the primary method used to research detaisch protocol selected.

2.2.1 Formal Literature Search

The research librarians at the Linda Hall Libraryiansas City were used to perform targeted likeeat
searches. The Linda Hall Library specializes ierste, engineering and technologies literaturee Th
searches performed included the following phrases:

e Building* and Energy and Benchmark*

* Green Building* and Energy and Rating*

* Green Building* and Energy and Criteria

* Buildings and Energy and Yardstick

» Buildings and Energy and Criteria (in title fieldlp)

* Buildings and Energy and Measure (in title fieldyyn

The asterisks indicate that the ending of the waad allowed to be any value such as “Benchmarkidcbe
“Benchmarks” or “Benchmarking”. Two of the searsheere limited to words in the title only becau$e o
the large number of unrelated items uncovered duhia search. The resulting list of references was
reviewed and items that were clearly not relevaertenculled from the list.

2.2.2 Internet Search

A thorough search of the Internet was performedgisearch terms related to the topic area. Thesselses
were performed using Google, which covers ovelllibbiweb pages. Protocols were not limited toyonl
those used in the United States since the godderafhmarking are international, and different
methodologies in the international community maybealue to the long term goals of the projecheT
following table indicates the search terms usetl @ibogle. The searches were performed in the order
shown on the table. The level of success natudaltyeased as the search continued and fewer plotoc
were left to be uncovered. The result of thesecbes is shown in Table 2.
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Table 2 — Search Terms Used on Internet

Search Phrase Looked Through Level of Success
building benchmark 50 Good

building energy benchmark 100 Good

building energy rating 150 Good, mostly residential
building energy metric 50 Poor

Building Energy Measure OR Rank OR Gauge OR Grads0 Poor

Building Energy Criteria OR Classification OR Merit 50 Poor

Building Energy Valuation OR Mark OR Yardstick 50 Poor

Building Energy Target OR Score 50 Poor

2.3 Protocols Found

A selection table of all protocols and all critewias made that included both commercial and resalen
protocols. Located were 47 commercial protocobb{& 3) and 31 residential protocols (Table 4)r Fo
residential, programs were excluded that simplgnexiced ENERGY STAR Homes program. ltems shown
as “(indirect)” were not found on the web searduts page but were from a link from a differerdgtpcol

or were identified by project monitoring subcomeitmembers.

Table 3 — Initially Identified Commercial Protocols

Name Organization URL Found on Search

Benchmarking Building Energy ORNL http://eber.ed.ornl.gov/benchmark/bench.htm google:building

Performance benchmark

ENERGY STAR Label for Buildings  EPA http://www.energystar.gov/benchmark google:building

benchmark
EEBuildings EPA http://www.epa.gov/eebuildings/benchmarking/deféitrin google:building
benchmark

Online Benchmarking of Energy Hong Kong EMSD http://www.hkiol.org/energy2/main.html (indirect)

Consumption

Free Energy Benchmark Chevron https://ssl2.gaproh&exaco.com/chevronenergy/benchmark/ (indirect)

Green Globes Green Globes http://www2.energyefficiency.org/default.asp (indirect)

GEM (UK) Green Globes http://lwww2.energyefficiency.org/existing/homeulkpas (indirect)

Commercial Building Incentive PrograNatural Resources http://nrn3.nrcan.gc.cal/cbipscreen/index.html (indirect)
Canada

Benchmarking energy use The Australian http://www.greenhouse.gov.au/lgmodules/wep/benckfimate (indirect)
Greenhouse Office x.html

LEED US Green Building http://www.usgbc.org/ (indirect)
Council

LEED-EB US Green Building http://www.usgbc.org/ (indirect)
Council

CALARCH LBL/California Energy http://poet.lbl.gov/cal-arch/benchmark.html google:building
Commission benchmark

ARCH LBL http://poet.Ibl.gov/arch/ (indirect)
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Table 3 (continued) — Initially Identified Commeral Protocols

Name Organization URL Found on Search

CustomNet PG&E http://www.pge.com/003_save_energy/003b_bus/003h&ito(indirect)
m_net.shtml

Power Smart e.Review BC Hydro https://ewh.bchymir@a/ereview/scripts/main.asp (indirect)

EMCOR Energy Edge EMCOR http://iwww.emcor-energyesdgm/ (indirect)

Energy Profiler Online ABB http://iwww.abb.com/gldkeobzh/abbzh251.nsflOpenDatabds@lirect)
&db=/GLOBAL/seapr/SEAPR035.NSF&v=a&e=us&m=V&c=
4469737D59682F86C1256AAE002E2216

Labs for the 21st Century Energy EPA/LBL http://labs21.Ibl.gov/bm.html (indirect)

Benchmarking

Labs for the 21st Century Design InteEPA/LBL http://ateam.lbl.gov/Designintent/home.html (indirect)

Tool

One-2-Five ENVINTA Corporation http://www.one-2-éxcom/ (indirect)

Snohomish County PUD Benchmarking Tool http://wwwesud.com/utility_entry.asp (indirect)

Benchmarking System

e-Energy

e-Bench

Performance Rating Calculator

Action Energy Survey

GreenStar

BREEAM

Ecopoints

ASIA-PACIFIC http://www.apecenergy.org.au/welcome/publicatioasfthmar(indirect)
ECONOMIC k.pdf
COOPERATION

Building and http://www.bdg.nus.edu.sg/buildingEnergy/e_energyimerci(indirect)

Construction Authority al.html
of Singapore

Energy and Technical http://www.energyts.com/
Services

Australian Building http://www.abgr.com.au/main.asp
Greenhouse Rating

Action Energy by the http://www.actionenergy.org.uk/ActionEnergy/defauim
Carbon Trust

Green Building Councihttp://www.gbcaus.org/greenstar/page.asp?id=117
of Australia

Building Research
Establishment

http://products.bre.co.uk/breeam/index.html

Building Research
Establishment

http://www.bre.co.uk/pdf/076.pdf

Energy Benchmarking at the Companiuropean Commission http://www.eva.ac.at/(en)/projekte/ideen2.htm

Level Within Industry Voluntary
Agreements

Higher Education Energy BenchmarkiBuilding Research

Tool
On-line energy benchmarking
Energy Demand Profiler

E-Benchmark

Building America Research BenchmatS DOE

Directorate-General
XVII (Energy) in a
SAVE Project

http://www.solsticetrial.com/education/
Establishment

Target Energy Servicegp://www.targ.co.uk/B__Index.htm
Target Energy Services :Mip/w.targ.co.uk/H__Index.htm
New Buildings Institute http://www.rtawildings.org/ABG.htm

(indirect)

(indirect)

(indirect)

dirgot)

(indiye

(indirect)

(indf)

(indirect)

(indirect)
(indirect)

google:building
benchmark

http://www.eere.energy.gov/buildings/building_amafbench google:building

mark.shtml benchmark
EnerPro EnerSys http://www.energyprofiletool.com/ept_demo/scriptalmasp google:building
energy
benchmark
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Table 3 (continued) — Initially Identified Commeral Protocols

Name

Organization URL Found on Search

BREEAM/Green Leaf

HK-BEAM

Vykon E2 Profiler

ComFREE

ASEAN ENERGY AWARDS

Commercial Green Building Program

G/Rated - Portland LEED

Minnesota Sustainable Design Guide

LEED™ Supplement for King County  King County

High Performance Building Guidelines NYC Departmeht

GBTool

ECD Energy and http://216.58.80.108/products/BREEAM%20GL/breeanhtgl(indirect)
Environment Canada ml

Building Environment  http://www.bse.polyu.edu.hk/Research_Centre/BER¢akidm (indirect)

Council ain.html
Tridium http://www.tridium.comBrary/Profiler.pdf google:building
energy
benchmark
Florida Solar Energy http://energygauge.com/FlaCom/fag.htm#ComFREE @godglilding

Center energy rating
ASEAN http://lwww.aseanenerggtemergy_sector/energy_efficiencygaogle:Building
ea/2002/evaluation_newexisting.htm Energy Criteria
OR Classificatio
OR Merit
City of Austin tp¥www. ci.austin.tx.us/greenbuilder/comm_overvietn  (indirect)
Earth Advantage Commercial Building Portland GehEfectric http://www.earthadvantage.com/commercial/about.asp  (indirect)
City of Portland http://mwgreen-rated.org/g_rated/grated.html (indirect)
Hennepin http://www.sustainabledesignguide.umn.edu/ (ind)rec
County/Minnesota Offic
of Environmental
Assistance
http://dnr.metrokc.gov/swd/leed/outline.asp (indije
(Washington)
http://www.ci.nyc.ny.us/html/ddc/html/ddcgreen/ direct)
Design and Construction
Natural Resources http://iisbe.orgl/iisbe/gbc2k2/gbc2k2-start.htm (redt)
Canada/International
Initiative for Sustainable
Built Environment
Nexus Energy Softwdrtp://www.nexusenergy.com (indirect)

ENERGYguide Benchmark Module

Inc.

Table 4 — Initially Identified Residential Protocsl|

Name

Organization URL Found on Search

EnergyGauge

ENERGY STAR Homes

BEES

HERS
NHER

NatHERS

California Home Energy Efficiency
Rating System

EnerGuide for Houses

Florida Solar Energy http://energygauge.com/
Center

EPA

google: building
energy rating

http://www.energystar.govéirgfm?c=new_homes.hm_indgrogle: building
energy rating

Alaska Housing Financhttp://www.ahfc.state.ak.us/Department_Files/RI@&fgy/beegoogle: building
Corporation /building-energy-efficiency-stand.htm energy rating

RESNET http://imww.fsec.ucf.edu/bldg/pubs/hersth/index.htm (indirect)
NATIONAL ENERGY http://www.natenergy.org.uk/enrate2.htm (indirect)
FOUNDATION (UK)

Australian and New  http://www.houseenergyrating.com/domestic.htm geopuilding

Zealand Minerals and
Energy Council

energy rating

California Energy
Commission

http://www.cheers.org/ (indirect)

Natural Resources Can. fufefircan.gc.ca/houses-maisons/english/choice.cfm indirect)
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Table 4 (continued) — Initially Identified Resideiatl Protocols

Name Organization URL Found on Search

Performance4 Home Performance4 http://www.perforadrcom/ (indirect)

HER Sustainable Energy  http://www.irish-energy.ie/content/content.asp7sectd=507 google: building
Ireland energy rating

Standard Assessment Procedure BRE http://prdjeetso.uk/sap2001/ google: building

energy rating

Green Built Home Wisconsin http://www.greenbuilthome.org/ (indirect)
Environmental Initiative

Built Green Home Builders http://www.kitsaphba.com/bbk.html (indirect)
Association of Kitsap
County

EarthCraft Houses Greater Atlanta Homehttp://atlantahomebuilders.com/earthindex.html ifect)
Builders Association

Built Green Colorado Home Builders http://www.builtgreen.org/shared/checklist.ntm {nedt)
Association of Metro
Denver

BUILT GREEN Master Builders http://www.builtgreen.net/ (indirect)

Association of King and
Snohomish Counties

Green Home Standards Florida Green Buildirtgtp://floridagreenbuilding.org/standard/homes/dtfatm (indirect)
Coalition
Green Points Program City of Boulder http://imwwvboulder.co.us/environmentalaffairs/green_poiitsdirect)
Residential Green Building Program City of Austin ttpk//www.ci.austin.tx.us/greenbuilder/programs.. s (indirect)
Green Building Program City of Scottsdale http:/fwei.scottsdale.az.us/greenbuilding/ (indirect)
Earth Advantage Home Portland General Eledtttip://www.earthadvantage.com/homes/home/home.asp  indirdct)
G/Rated City of Portland http://www.green-rated/grgated/grated.html (indirect)
Build Green Home Builders http://www.kchba.org/buildgreenkc/index.shtml (ireetit)
Association of Greater
Kansas City
BuiltGreen Building Industry http://www.bia-hawaii.com/builtgreen/ (indirect)
Association of Hawaii
California Green Builder Program The Building Inttys  http://www.thebii.org/cgbp.asp (indirect)
Institute
Vermont Built Green Vermont's Building forhttp://www.bsr-vt.org/vermontbuiltgreenprogram.html (indirect)

Social Responsibility

Green Home Choice Program Arlington County  http://www.co.arlington.va.us/des/epo/greenhome.htm (indirect)
Department of
Environmental Services

EnergyGauge Florida Solar Energy http://energygauge.com/ google: building
Center energy rating
ENERGY STAR Homes EPA http://www.energystar.govéindgfm?c=new_homes.hm_indgrogle: building
energy rating
BEES Alaska Housing Financkttp://www.ahfc.state.ak.us/Department_Files/RI@&igy/beeggoogle: building
Corporation /building-energy-efficiency-stand.htm energy rating
HERS RESNET http://iwww.fsec.ucf.edu/bldg/pubs/hersth/index.htm (indirect)

2.3.1 Categorizing and Describing Protocols

After the list was compiled, the remaining effodsMfocused on commercial (non-residential) prowcol
Almost all of the residential protocols were basadoints for specific building features usuallyttwself-
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certification. The lesson learned is that poirgteyns are easy to adopt, design to, and use. Fasat
protocols make sense for the home building commuamitl have achieved a high degree of penetration.

The Project Monitoring Subcommittee (PMSC) was tpeefor the selection criteria that they favorembpr
to evaluating the protocols found. While manyeliént criteria were considered, the PMSC determinad
the following criteria were best suited for selagtthe protocols:

* Use of, or reference to, ASHRAE products
* Range of approach

* Range of applicable building types

*  Number of users.

An assessment, using these factors, was perforntkdwadditional emphasis on whether documentation
was available that would describe the protocolatad.

Of the selection criteria, the number of users thasmost difficult to identify since it is rarelyesdcribed.
When no estimate was provided, an impression et "many" was made based on intangibles such as
web site quality, number of frequently asked questj or existence of discussion forums, was made.

2.3.2 References to ASHRAE Documents

Of the commercial building energy performance apinotocols found, nine had references to ASHRAE
publications such as standards, guidelines antl#melbook of Fundamentals. The correlation of aresfce
to ASHRAE for a point-based system (like LEED) &whigh. This is because a point-based system is
likely to reference specific requirements, almdst b standard.

ASHRAE publications referenced by the protocolduded:
» Standard 29-1988 — Methods of Testing Automatidieders

» Standard 52.1-1992 — Gravimetric and Dust-Spotdttoes for Testing Air-Cleaning Devices Used
in General Ventilation for Removing Particulate kéat

e Standard 52.2-1999 — Method of Testing General N&ioin Air-Cleaning Devices for Removal
Efficiency by Particle Size

» Standard 55-1992 — Thermal Environmental Conditfongiuman Occupancy

» Standard 62-2001 — Ventilation for Acceptable Indaw Quality

» Standard 90.1-2001 — Energy Standard for BuildiExgsept Low-Rise Residential Buildings
» Standard 117-2002 — Method of Testing Closed Refaigprs

» Standard 129-1997 — Measuring Air Change Effectgsn

e Guideline 1-1996 — The HVAC Commissioning Procé3<l §

* Guideline 4-1993 — Preparation of Operating andntésiance Documentation for Building Systems
(G-4)

* ASHRAE Handbook — Fundamentals (HOF)
The use of these ASHRAE documents is shown in Tajbelow.
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Table 5 — Use of ASHRAE Documents in Protocols

Protocol Standards Guidelines HOF
29 5211 522 55 62 90.1 117 129 G-1 G4

LEED X X X x (99) X X

LEED-EB X X X x (99) X X

G/Rated - Portland LEED X X X X (99) X X

LEED™ Supplement for X X X X (99) X X

King County

E-Benchmark X X X X X X

Minnesota Sustainable X X x(89) x(89) X X X

Design Guide

High Performance Building x(95) x(89) X X X

Guidelines

ENERGY STAR Label for X X x(99)

Buildings

GBTool X X

Numbers in parenthesis are earlier versions oktbdesuments where the number indicates the year.

The most common documents referenced are the Hakdifd-undamentals and Standards 55, 62 and 90.1.
These documents are broadly accepted documentarthaseful for all types of commercial buildings.

2.3.3 Buildings Explicitly Covered

Some of the building energy performance ratingquofs may only be used to compare certain types of
buildings while others are general and could supgy type of building. For the protocols thatlido
specific buildings it is interesting to see howtltategorize the building types (Table 6).

GARD Analytics
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Table 6 — Building Classifications used in Protosol

Protocol Education Healthcare Hotel Office Retail Warehouse Other
CALARCH Education Health Care Lodging (hotel, Office/Professional Enclosed Shopping Warehouse Agricultural
Education: K12 (Inpatient) motel, dorm) Other/Unknown  Center/Mall (refrigerated) Industrial
Only Health Care Nursing Home Food Sales Warehouse (non-  Processing/Manufacturing
(Outpatient) Food Services refrigerated) Public Assembly
Nursing Home (restaurants) Religious Worship
Retail (excluding mall)
E-Benchmark Schools Medical and Bank or Financial Retail Stores Industrial and Auditorium
Clinics Commercial Storage General Commercial

Earth Advantage Commerci
Building

Action Energy Survey
EMCOR Energy Edge

Free Energy Benchmark

Commercial Building
Incentive Program

Hospital

Extended Care Hotel

Office

ibchool/College Health Hotel/Motel Office Auto Sales/Service Warehouse/Storage
Schools K-12 Care/Hospital Grocery
Health Retall
Care/Clinic
College Health (InpatientHotel Office Restaurant Warehouse
Education (K- Health Care Retail (Non-Mall) Warehouse
12) (outpatient) Food Sales (refrigerated)
Nursing Home Service (excl food)
Enclosed Shopping
(Mall)
Convenience Store
Fast Food
Strip Shopping
Education Health Care Lodging Office/Professional Convenience Store Warehouse (Non-
(School) (Hospital) (Hotel/Motel) Food Sales (Grocery)refrigerated)

Warehouse
(Refrigerated)

Food Services
(Restaurants)
Retail (Excluding
Mall)

Service (Excluding
Food)

Strip Mall

Retail Warehouse

Theaters

Assembly (church, theater,
etc)
Recreation/Fitness
Restaurant
Manufacturing

Civil Estates

Laboratory
Museum

Public Assembly
Public Order
Religious Worship

Multi-family

GARD Analytics
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Table 6 (continued) — Building Classifications uséu Protocols

Protocol Education Healthcare Hotel Office Retail Warehouse Other

e-Bench Education Heath

Labs for the 2% Century Laboratories

Energy Benchmarking

ARCH Education Health Care  Lodging (hotel, Food Sales Warehouse Laboratory

(inpatient) motel, dorm) Food Services (refrigerated) Public Order and Safety
Nursing Home (restaurants) Warehouse (non-  Religious Worship
Health Care Service (excluding refrigerated) Public Assembly
(outpatient) food)

Strip Shopping

Enclosed Shopping

Center/Mall

Retail (excluding mall)

Performance Rating Office

Calculator

GEM (UK) Office

Benchmarking System Hospital Hotel Office

EEBuildings Hotels Office Buildings

ENERGY STAR Label for |K-12 Schools Hospitals Hotels Office Buildings Ceog Stores

Buildings

Online Benchmarking of Office Buildings Retail

Energy Consumption Restaurant

Supermarket
Benchmarking Building K-12 Schools Health care Lodging Office Food service Warehouse (non-  Public assembly
Energy Performance Educational (allfinpatient) Food sales refrigerated) Laboratory
Skilled nursing Mercantile and servic&/arehouse Parking garage
Health care (refrigerated) Public order and safety
(outpatient)

On-line energy benchmarkingchool Hotel Office Store or shop Industrial building
Further or Bank, Post Office cRestaurant or fast foc Sports or recreatioh enter
higher education agency outlet Entertainment building

Library, museum or gallery

Green Globes Office Multi-family residential
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Table 6 (continued) — Building Classifications uséu Protocols

Protocol Education Healthcare Hotel Office Retail Warehouse Other
Snohomish County PUD School Hospital Hotel Office etddl Warehouse
Fast Food Restaurant
Grocery
BREEAM Offices Retalil Industrial
EnerPro Elementary  Extended care Motel/Hotel High-rise office (4tand-alone retail
school stories or more)  Strip mall
Middle/high Low-rise office (3 Large mall
school stories or less) Grocery store
Power Smart e.Review Primary schoBixtended care Motel/Hotel High-rise office (4tand-alone retail
Secondary stories or more)  Strip mall
school Low-rise office (3 Large mall
stories or less) Grocery store
GBTool Office Retail
ENERGYguide Benchmark |School Medical Hotel Office Building Auto Small Warehouse Funeral Home
Module Nursing Home Bakery Religious Facility
Barber Shop/Salon
Gas Station
Grocery
Health Club
Laundry
Printer
Restaurant
Retail
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2.3.4 Technical Approaches

The technical basis used for each of the protogaksidentified by review of the website or techhica
documentation that was easily available. The palist had 49 commercial protocols but upon more
thorough investigation seven were excluded. Tidusions were either because they did not applldo
buildings under consideration or did not actuabyé data to benchmark against. The remaining 48 we
further subdivided into three groups:

* Technical Documentation Was Found and ASHRAE Refer€9)
* No ASHRAE Reference (13)
* No Technical Documentation Was Found (20)

The lack of some technical documentation createsbatacle for the in depth evaluation of the rating
methods. It does not necessarily mean they shmukkcluded from further investigation but simgigit
any technical information for these protocols thatld be collected could not be confirmed in
documentation.

The following tables (Table 7, Table 8, and Talls@mmarize the approach used by each of the three
groups of protocols identified along with an estienaf the number of users. Recall that the nurobesers
is based on a subjective impression and is clags#imply as either "few" or "many" based on inthteg
such as web site quality, number of frequently dskgestions, and existence of discussion forums.

GARD Analytics 17 1286-RP —Final Report



Table 7 — Approaches for Protocols with Documentetiand ASHRAE References

Name Users | Summary Notes
LEED Many | Points with prerequisites Poirts do not seem to equate directly v
and reference building (vi®nergy measurement (over 1000
ECB in 90.1) registered projects)
LEED-EB Few Points with prerequisites
and reference building (via
ENERGY STAR Label)
G/Rated - Portland LEED Many| Points with preredess Based on LEED. Instead of 90.1 ECB
and reference building (vianethod uses "Chapter 13, Energy
ECBin 90.1) Conservation, of the 1998 Oregon
Structural Specialty Code (OSSC) with
year 2000 amendments, as demonstrated
by the Oregon whole building approach
as referenced by Chapter 13 or Oregon
Building Energy Performance Rating
Method."
LEED™ Supplement for King County | Many| Points witterequisites The LEED materials seem to be slightly
and reference building (vianodified and displayed in an interactive
ECB in 90.1) web site.
E-Benchmark Few Point with simulation bagédmpare against building compliant with
credit 90.1-2001 and must be 30% more
efficient to get credit.
Minnesota Sustainable Design Guide Many Pointsrafetence Similar to LEED. Points are scored for a
building variety of sustainable goals but for

High Performance Building Guidelines

ENERGY STAR Label for Buildings
GBTool

Many

Many

Few

building energy performance uses
simulation comparison of a building that
exceeds 90.1-1989

Pointsteyn with Baseline is NY state energgde. Energ
reference building cost and energy use reduction targets
comparison based on comparison with baseline.

Statistical &sCBECS as its data source
Points Study for specific conference
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Table 8 — Approaches for Protocols with Documenteti

Name Users | Summary Notes

EEBuildings Many | Statistical CBECS, seems to besdrae as
ENERGY STAR Label for Buildings

Commercial Building Incentive Program Many Refembailding Questionnaire includes building thermal

description but does not ask for energy
consumption or cost

CALARCH Few Statistical Sources of data include GEMIRNC
Baseline Study, EPA, US GSA,
Individual Buildings

EMCOR Energy Edge Few Statistical CBECS for Bendtking but DOE-2
simulation for "audit" portion

Labs for the 21st Century Energy Few Statistical Very small set of data so more like

Benchmarking "comparative"

Benchmarking System Few Statistical 1992 CBECS géia for building in
Asia-Pacific region

Performance Rating Calculator Many  Unknown Unkndbasis for different EUI levels

that correspond to different stars.
Spreadsheet is available.

Action Energy Survey Many | Reference building Comgpagainst a single reference
building based on EUI
On-line energy benchmarking Many| Reference building Multiple reference buildings for typical

and good practice. Measures are on
carbon dioxide and annual energy cost
per floor area.

EnerPro Few Simulation comparison "The Energy Rrdfool (EnerPro)
utilizes hundreds of model-based
archetypes for its analysis. The
archetypes are derived from thermal,
hourly energy performance models using
the DOE2.1e software and encompass
more than 70,000 hourly simulations.
Unlike most statistically based analysis
approaches, EnerPro does not simply
draw upon the relationship among easily
quantifiable characteristics to predict
energy savings. Instead, the EnerPro's
engine derives its calculations from
engineering practices and thermodyna
principles that are embodied in hourly
energy performance simulations."

BREEAM/Green Leaf Few Points Streamlined versioBREEAM
HK-BEAM Few Points with simulation Use specific simulation program to do
based credit comparison versus a baseline system that
meets a set of prescriptive requirements.
ENERGYguide Benchmark Module Many| Statistical CBEI®S2 and 1995 databases.

Adjusted by degree-days. Square foot
and EUI adjustments based on building

type.
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Table 9 — Approaches for Protocols without Documatibn

Name Users | Summary Notes

Benchmarking Building Energy Few Statistical Source EUI worksheet, CBECS. Nmte

Performance documentation was found but reports are
likely to be available.

Snohomish County PUD Many| Reference building Inekidimple audit related questions
about number of operating hours, upd:
lighting system, etc. Data from
Bonneville Power Administration and the
Northwest Power Planning Council. No
documentation found but help system"
is included is detailed.

Online Benchmarking of Energy Many |Statistical Little information provided.

Consumption

Free Energy Benchmark Many| Statistical EUI andrgyp€ost Index, BOMA and
DOE data used, must register (user
number was 1428 implying that many
users).

Green Globes Many | Statistical Questionnaire indUEEM related
guestions. Related to BREEAM/Green
Leaf and Canada's BOMA Earth Award.
$250 per rating.

GEM (UK) Many | Statistical Questionnaire includesM ¢elated
questions. Related to Green Globes

ARCH Few Statistical Uses CBECS as its data source

CustomNet Few Direct comparison of Uses several similar buildings all owned

multiple buildings by user (such as a chain) and compares
them

Power Smart e.Review Few Reference building Sefiepergy use, ECM and design
oriented questions. Results are shown
versus a typical building and an energy
efficient building. Includes
recommended action plan.

Energy Profiler Online Few Unknown Brochure doesdescribe any technical
details

One-2-Five Few Statistical Little information fourgcept some
sample reports for a typical building

e-Energy Few Statistical Ranges in the statistiesaasigned into
different classes or levels.
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Table 9 (continued) — Approaches for Protocols witit Documentation

Name Users | Summary Notes
e-Bench Many | Direct comparison of  Allows users to manage data collection
multiple buildings process and identify multiple facilities,
meters and space types. Many different
graphs available. Compares against
average of just a few other buildings in
the same category. kWh/sqft and
CO2/year-sgft (or per bed for hospital)
GreenStar Many | Poais energy based on stVery similar to LEED program but no
in Australian Building prerequisites.
Greenhouse Rating
BREEAM Many | Point system with credit f@0O2 emissions are predicted and credits

Higher Education Energy Benchmarkingew

Tool

Vykon E2 Profiler

ComFREE

Commercial Green Building Program

Earth Advantage Commercial Building

Few

Many

Few

Few

reducing CO2 emissions are awarded based on the percentage

based on baseline.

Direct comparison of
multiple buildings

Direct comparison of
multiple buildings

Simulation comparison

Unknown

Referenaiéding

improvement over static ECON 19
benchmarks.

List of eight universities and their energy
usage. Focus is on pushing the energy
costs down to the budgets of the
departments in the university that use
those buildings. Measures are not
described but comparisons would be
between a limited set of facilities.

Designed for a large corporation that
wants to compare the performance of a
group of buildings to each other such as a
chain restaurant or an owner of many
office buildings.

Uses DOE-2.tedmparison to a
reference building that meets the code.
The software ComFree is only sold to
certified raters.

Vieny details on web site, need to
contact agency to get more details.

Stars for different percent saving ranges
compared to code compliant building.
Little information on web site, must
contact people who run the program for
more details.
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2.4 Selection of Protocols

Midway through the effort, the project monitoringbgommittee chose the following ten protocols as an
initial set to focus on:

LEED/LEED-EB

ENERGY STAR for Buildings
BREEAM or BREEAM/Greenleaf
ARCH/CALARCH

Emcor Energy Edge

EnerPro

ComFree

On Line Benchmarking

. ENERGYqguide

10. GBTool

The initial choices seemed to favor LEED/LEED-EBIERGY STAR for Buildings, and BREEAM, due to
their wide spread adoption; ARCH/CALARCH becausé@fise of EUI that might demonstrate the
advantages and disadvantages of using just EWs.olhers were chosen based on specific featuaes th
were of interest to the project monitoring subcottesi

CoNo,rwWNE

Upon further investigation, two of the protocolsr(&r Energy Edge and ComFree) were no longer being
supported. ComFree was designed for an olderoretdithe state energy code in Florida and siniserib
longer consistent with the current version is nkr being supported. A new version of the sofvthat is
consistent with the Florida energy code has nobgen released. Emcor Energy Edge, while avaijlable
not longer being maintained or actively marketed.

Because of several conference calls and e-mailegxygts over the course of the work, the project taong
subcommittee chose the following five protocolsresfinal set. The reason for the selection issghafter
each protocol.

1. LEED/LEED-EB - Selected due to its widespread adopt

2. ENERGY STAR for Buildings — Selected due to its @sgread adoption.

3. BREEAM - Selected due to its widespread adoption.

4. ARCH/CALARCH - Selected due its use of simple egarge intensity calculations.
5. ENERGYguide— Selected due to its business focus.

No endorsement by ASHRAE should be implied by ttitail or final selection of the protocols. Some
protocols were chosen due to a unique feature moaph that may or may not prove to be importantHe
project. No technical evaluation for the suitapibf the protocols listed for any application wesformed.
No evaluation of the accuracy of the protocoletisivas performed.
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3 Identification of Buildings

3.1 Introduction

This section describes the identification of builgs that will be used to apply the five selectdohga
protocols in order to compare the results. Sihegfdcus of this section is to gather data on attuigings,
the rating protocols or portions of the rating poatls related to new construction were not includ8ohce
LEED-NC (formerly called LEED) is focused on newnstruction, it was not included in part of the
analysis. The LEED-EB protocol includes pointg @ rewarded based on the score from the ENERGY
STAR for Buildings protocol. In addition, portion$§ BREEAM are intended for use only during theiges
process so those portions were not included. &maining portions of BREEAM that focus on existing
building performance were included. Careful exaton of the rating methods led to the approach
described in the next section.

3.2 Approach

The original proposed approach was to use tragitidata sources for building energy data such as:

* Texas A&M LoanStar

» Oak Ridge National Laboratory

» Energy Center of Wisconsin

» DOE High Performance Case Studies

» Northwest Energy Efficiency Alliance

» CEC Commercial End-Use Survey

» DOE/EIA Commercial Building Energy Consumption Seyv

After reviewing the types of information neededttoe point based protocols (LEED-EB and BREEAM) it
was clear that getting information from the curdenilding operator or facilities manager would b@eo
necessary. Because much of the building data these traditional sources was at least a few yadrst
was going to be difficult to track down the corrpetson to find out the information needed for ¢hesint
based protocols. Due to this anticipated diffigulhe proposed approach for gathering building deds
considered appropriate only if a new method didfimot sufficient data meeting the criteria set out.

Instead of the proposed approach, a new approasladapted which takes advantage of the public
disclosure of the ratings that several of the gativethods allow. For many, one of the main reasmons
perform a building rating is to indicate to pegm@spective clients, and others that the buildiaggrms
better than average so a public disclosure is @fésired. This means that contact informatiorormetimes
available for those who are involved in determinting building’s performance rating. For both LEEB-
and ENERGY STAR for Buildings, contact informatiisnavailable from their respective web sites,
www.usgbc.organdwww.energystar.goen many of the buildings receiving a rating. Gats were
selected and questionnaires were sent to themstaggehat they complete and return them. Pathef
guestionnaire asks for permission to get energyotimer data from the EPA and USGBC if appropriate.
This minimizes the number of questions to onlyrtist essential.

The reasons for using this new approach include:

» Rating systems cover many aspects of buildinggusbutility energy consumption
» Existing building energy databases do not incluaiers to many questions

» Building contacts interested in supporting effaredo history of rating

» Actual rating serves as accuracy check

GARD Analytics 23 1286-RP —Final Report



3.3 Questionnaire Development

The development of the questionnaires was don@dtyeikamining the different rating protocols. A
combined list of what was needed by any of thequal related to energy in existing buildings iewh in
Table 10.
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Table 10 - List of Data Needed

Data Needed Building Types Units
Type of building All

Name of building All

Point of contact person All

ZIP Code All Five digits
Location Office, retail, grocery

Gross floor area All sqft
Treated floor area Office, retail, grocery sqft
Monthly electric consumption All kWh
Monthly gas consumption All Therms
Monthly other fuel consumption All MMBtu
Annual electric consumption All kWh
Annual gas consumption All Therms
Annual other fuel consumption All MMBtu
Weekly operating hours All Hours
Number of occupants Office Count
Number of students School Count
Number of workers Medical Count
Main shift staffing Grocery, warehouse Count
Number of personal computers/ registers Office,ebhgrocery Count
Number of licensed beds Hospital Count
Number of floors All Count
Number of rooms Hotels,dorms Count
Number of months in operation Schools Count
Percent air-conditioned All Percent
Percent heated All Percent
Number of walk-in freezers/coolers Grocery, waredeou Count
Number of refrigerated/freezer cases Grocery Count
Presence of tertiary care Hospital Yes/No
Presence of above ground parking Hospital Yes/No
Presence of on-site cooking School, hotel Yes/No
Presence of mechanical ventilation School Yes/No
Presence of on-site cooking facilities Grocery Xes/
Presence of HID or halogen lighting Warehouse Nes/
Approximate age of facility All Years
Weekday opening time All Time
Weekday closing time All Time
Saturday opening time All Time
Saturday closing time All Time
Sunday opening time All Time
Sunday closing time All Time
Seaonality of business All Choice
Average cost per kWh All $/kWh
Average cost per Therm All $/Therm
Percent of use is off-site renewable All Percent
Percent of use is on-site renewable All Percent
LEED-EB EA Credits/ Prerequisites All List
Type of office Office Choice
Are end-uses submetered Office Yes/no
Are tenants submetered Office Yes/no
Losses minus gains for building fabric Office kWilyear
Use of energy policy Office Yes/no
Energy audit every 3 years Office Yes/no
Information to occupants quarterly Office Yes/no
Energy/CO2 monitoring Office Yes/no
Energy/CO2 targetting Office Yes/no
Movement toward energy/CO?2 target Office Yes/no
Maintenance schedule for heating and cooling Office Yes/no
Maintenance record for light fittings Office Yes/no
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From this list, it was clear that some questionsevamly appropriate for certain buildings so quastaires
were developed for each of the major building typ€se questionnaires were developed and provioléaet
PMSC for review and comment. Several good commeats received that increased the ease of
completing the questionnaire. Perhaps the mostiitapt comment was to ask permission to get data fr
the EPA ENERGY STAR Rating for Building programtiead of asking for the monthly energy
consumption for electricity and natural gas. SibE&ED-EB uses ENERGY STAR for one of the most
important credits related to energy, this wouldsbticient for all the people that were going toeive a
guestionnaire since they would participants withesi LEED-EB or ENERGY STAR. In addition,
questions related to LEED-EB did not need to bedsk those who participated in the LEED-EB program
and instead permission was sought to get data ffS@BC. Questions were simplified to a yes or no
response whenever possible. The questionnairesimpiemented in Microsoft Excel that enabled “pop
up” help to appear and provide more details on eaestion and, a drop down list of possible respsns
This approach made the questionnaires as shodsashfe. For LEED-EB participants, only an office
building oriented questionnaire was created anttlilbiged due to the high fraction of identified lolings
that were office buildings. The questionnairesegspn Appendix A.

3.4 Survey Process
Four distinct surveys took place:

* LEED-EB Buildings

* ENERGY STAR Buildings Pilot

» ENERGY STAR Buildings Through EPA
» ENERGY STAR Schools

The surveys were not intended to be statisticallidvout instead were used to gather enough example
buildings to provide a useful demonstration of\thégation in building energy performance ratingtpomls
during the rating method testing portion of thej@ca

The LEED-EB survey was based on 72 different bngdidescribed on the USGBC web site as particigatin
in that program (as of May 2005). Of the 72 buiighi, 46 were of office buildings and only a fewearth
would be classified as one of the target builditypes. Due to this, only an office building questiaire

was developed for LEED-EB buildings and distribut&kminders were sent out a few weeks after the
original survey was distributed that increasedrésponse rate slightly. Seven people completed the
guestionnaire and returned it. Many people thsppoaded but did not complete the questionnairetbatd
their building had not yet completed the LEED-EBg#ss or they decided that they were not going to
complete the LEED-EB process. This is not sunpgisince the LEED-EB certification process is iveal

and can take substantial time to complete.

The ENERGY STAR database shows profiles for 37Rlimgs out of more than 2341 that have been labeled
through the program as of July 2005. A profilaimore in-depth description from the EPA web siteé a
includes contact information. In order to gauge éffectiveness of the questionnaire, a pilot suwas

done focusing on just the hotel and hospital bagdiwith a public profile on the ENERGY STAR wetesi

The hospitals did not include the Veterans Admiatghn hospitals with public profiles. Questiomesi

were distributed to people representing three hated thirteen hospitals. Of these, representatieen one
hotel and two hospitals completed the questionsairel returned them.

The EPA generously offered to help with the survgyroviding the cover letter on EPA letterhead
encouraging participation in the survey. Due is,tth was felt that the response rate would bé leigough
to limit the number of contacts made to just 35 R STAR participants. The selection process used
choose these participants:

1) Included all 14 K-12 schools. One of the peapt® rated a K-12 school also did an office
building so that was also included.
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2) Included all of the hospitals that had the sawiats of contacts. This resulted in 20 hospitaits
three points of contact.

3) Created an "overall score" for the buildingd ikahe sum of the following sub-scores.

a) Number of Years Rated. For 3 to 7 years ofhgatithe score is 2. For 2 years of ratings
the score is 1. For buildings rated only oncesttae is zero.

b) Latest Year Rated. For 2003 to 2005 the s&o®e fior 2001 and 2002 the score is 1, for
1999 and 2000 the score is zero.

¢) Number of Buildings by Point of Contact. If theint of contact had three or more
buildings they get a score of 2, for two buildirige score is 1, for one building the score is
zero.

4) The 55 buildings listed by a single person wereselected since that person has specifically
asked the EPA not to be involved in any follow-ese&arch.

5) Sorted previously unselected offices by ENERGYAR building rating and then by the "overall
score" since we wanted a distribution of ratingsti@ analysis but wanted to maximize that
buildings that make up a score.

6) Select one building for each ENERGY STAR buitdnmating from 75 to 100 (26 choices) with the
highest "overall score". A good distribution fraach census division was important.

7) Select other buildings rated by the same person.
This resulted in sending out requests to 35 peapterequesting data on 78 buildings:

* 20 Hospitals
e 13 Schools
e 45 Offices

Unfortunately, while the response rate was highanthe LEED-EB and pilot ENERGY STAR survey, it
resulted in only eight buildings worth of data freeven people. It is possible that by focusing on
individuals who had rated multiple buildings tha¢ xtra burden of responding was enough to diageur
wider participation.

The number of K-12 schools that had responded exasrfthan the targeted number so additional steps w
taken to try to get greater K-12 school participati This last survey utilized the same questiaenas the
EPA assisted ENERGY STAR survey. A quick searcBPA’s web site concerning K-12 school districts
that have “partnered” with EPA revealed eleven withtact information. Those were all contacted by
phone and asked if they wanted to participate. |@eted questionnaires were received for eight dehoo

3.5 Selected Primary Buildings

The following table, Table 11, summarizes the bndd selected for testing the five energy perforcean
rating protocols. As part of the questionnairepption for keeping the building and the persorvijtiong

the data anonymous was provided. This option a@tbpeople who may not have wanted public discussion
of their building to still participate.
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Table 11 — Selected Buildings

Type Census Division Size(sqft) Decade Built EnGuage

Hospital East North Central 250,000 1940s None

Hospital West South Central 150,000 1990s Unknown
Hospital West North Central 450,000 1980s Unknown
Hospital Pacific 700,000 1970s Unknown

Hotel Mountain 50,000 1990s Unknown

Office South Atlantic 250,000 1960s Unknown

Office West North Central 150,000 1990s Unknown

Office East South Central 100,000 1960s Unknown

Office Mountain 250,000 1990s 90.1-99

Office West South Central 300,000 2000s 90.1-89

Office West South Central 250,000 1990s 90.1-89

Office West South Central 650,000 2000s 90.1-89

Office Mountain 750,000 1960s Unknown

Office Middle Atlantic 10,000 1990s Local Energydeo
Office Mountain 800,000 1980s Unknown

Office Pacific 300,000 1990s Local Energy Code
Office Pacific 950,000 2000s Local Energy Code
Office Pacific 450,000 1990s 90.1-89

Office Middle Atlantic 750,000 1960s Unknown

Office Mountain 10,000 1990s Local Energy Code
School West North Central 150,000 1990s Unknown

School Middle Atlantic 50,000 1950s None

School Middle Atlantic 50,000 1960s None

School West North Central 50,000 1920s Unknown

School West North Central 50,000 1950s Unknown

School West North Central 150,000 1950s Unknown

School West North Central 50,000 1960s Unknown

School West North Central 50,000 1950s Unknown

School East North Central 500,000 1960s None

Sizes rounded to nearest 50,000 sqft to keep detayanous

All of these buildings were used during the evatraapplied to building energy performance rating
protocols. Based on the original RFP this lisboildings exceeds each of the requirements listéthble
12:

Table 12 — Meeting Requirements of RFP

Requirements of Buildings from RFP Actual SeleBlgittings

15 Buildings 29 Buildings

5 to 8 Offices (third to half of 15) 15 offices

5 K-12 Schools (third of 15) 9 K-12 schools

2 from hospital, lodging, restaurant, grocery, iteta5 (4 hospital, 1 lodging)

4 compliant with 90.1-89 or 90.1-99 9 code comgliour 90.1-89, one 90.1-99, four
other codes)

Some data has already been provided for theseimgslénd the remaining data will be provided by B&G
or EPA’s ENERGY STAR program.
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3.6 Supplementary Database

The Northwest Energy Efficiency Alliance performedurvey, mainly in 2001, of energy and energy
characteristics for commercial buildings and putdid a report titled Assessment of the Commercial
Building Stock in the Pacific Northwest (NWEEA 20Q04Most of the buildings had been previously
surveyed between 1987 and 1994 as part of varilitg and government programs. This allowed
comparison of some buildings over time. The putiitabase from this survey contains data from 1157
commercial premises representing 2.4 billion sqgfeeeof floorspace. The tables below, Table 18 an

Table 14, show the distribution of surveyed sitgbbilding type and state.

Table 13 — NWEEA Commercial Building Stock Assessiine

Building Type Number of Sites
Dry Good Retail | 177
Grocery 73
Office 247
Restaurant 72
Warehouse 125
Hospital 13
Hotel/Motel 43
Other Health 54
Other 180
School 79
University 59
Vacant 35

Table 14 — NWEEA Building Locations

State Number of Sites

Idaho 105

Montana or Wyoming | 49

Oregon 373

Washington 630
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Since the survey looked at some of the same bg#dim 1987 and in 2001, how the building type cleahg
for specific building over that time is shown iretfollowing table, Table 15. In general, most dimgs
continued to be used for the same purposes fouyesms after the original survey or else were nacawnt.

Table 15 — Building Type Changes by Floor Space OVine

Building Type 1987 | Percent Same Type 2001  Percagdnt in 2001
Dry Good Retail 86 4
Grocery 83 0
Office 94 1
Restaurant 79 13
Warehouse 73 12
Hospital 75 25
Hotel/Motel 100 0
Other Health 98 2
Other 79 8
School 100 0
University 100 0

The data from the survey provided a rich descniptibthe buildings but the public data did not utds some
important items including monthly utility energyajsexact floor areas and exact locations. Whaseh
items were collected, they were removed from thaipulatabase to keep the identities of the indigid
buildings confidential. These data items were nmeadslable for this project.

To help understand the rating methods being exammthis project, buildings were selected baseétan
factors from the database.

» Billing data had to be based on actual bills andomomodeled results.
» Buildings were classified as hospital, office, salhand hotel/motel.

These two criteria eliminated many buildings. Beual billing data requirement for both the eliecind
the gas utility consumption data (if gas was usedyiced the number of records selected from thabdae
by 63%. Table 16 shows the number of buildingeael for four building types.

Table 16 — NWEEA Commercial Building Stock Assessine

Building Type Original Number Selected
Number of Sites

Office 247 128

Hospital 13 3

Hotel/Motel 43 16

School 79 20

The resulting 167 buildings from the database dfimgs, referred to as the supplementary buildinge
remainder of this report, were tested by some @ptiotocols. No permutations were performed osghe
supplementary buildings. Permutations were perégron the 29 primary buildings gathered directlyirdy
the project. This substantially added to the nunatbduildings being assessed and allowed for drgweif
conclusions that are more general from the analysis
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4 ENERGY STAR for Buildings

4.1 Overview

The ENERGY STAR Label for Buildings program by tHeS. Environmental Protection Agency includes a
building energy performance rating protocol basednatching the actual energy use of a buildingresyai
statistical distribution of buildings. The ratisgstem is also being called the National Energydp@ance
Rating System. Anyone can go to the web site aedRwortfolio Manager to benchmark their existing
building performance without paying a fee.

http://www.energystar.gov/

The rating is described on a scale of 1 to 100zascbre of 75 or greater for a facility may makeligible to
receive the ENERGY STAR Label for Buildings. The is based on where the building fits in the
distribution of energy use for similar buildingsskd on source energy. It indicates the percent of
comparable facilities nationwide that are lesscadfit. For most building types the data is fromE3BIA’S
CBECS but data sets from EPRI and the HospitaldgeRrch Group are used for hospitals and hotels,
respectively.

As of October 2004, a tour of how the protocol veoikavailable at:

https://www.energystar.gov/portfoliomanagertour/

A related tool Target Finder, intended for use miyidesign, was not evaluated as part of this study.

4.1.1 Types of buildings
Currently the primary space types of buildings thay use the ENERGY STAR for Buildings protocol:are

» Offices (general offices, financial centers, bard&nches, and courthouses)
 K-12 Schools

* Supermarkets/Grocery Stores

* Hospitals (Acute Care and Children's)

* Hotels/Motels

* Residence Halls/Dormitories

* Warehouses (refrigerated and non-refrigerated)

* Medical Offices

For some of these building types, some secondagespare allowed:

e Computer Data Centers
e Garages and Parking Lots
e Swimming Pools

Gross floor area is the measurement of building 8iat is used with the ENERGY STAR for Buildings
protocol. Buildings with and without air conditiog can be assessed but they are all rated based on
regressions from a database containing buildingstwinay or may not have air conditioning.

4.1.2 Location

The ENERGY STAR for Buildings protocol can be usiebughout the United States and its territoriesesi
a zip code is the primary way of indicating locatand climate. This implies that a building carréted in
any climate that occurs in the United States dJnited States territories. The United Statesttaras with
ZIP Codes include:

« American Samoa
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» Federated States of Micronesia
e Guam

* Northern Mariana Islands

» Puerto Rico

e U.S. Virgin Islands

In addition, Palau and Marshall Islands have UIB.cbde because they were once under U.S.
administration.

While a building may be rated anywhere in the Whiates or in United States territories, the regon
equations used in the rating process are basedtoal duildings located in specific places. Dughis,
ratings in some locations may do a poorer job pfagenting the fraction of buildings that use mamergy.

4.1.3 Qualifications
To qualify to receive the ENERGY STAR Label for Blings the following is required for all building
types:

» At least 50% of the building floor space must be phimary space type selected.

» Atleast 11 full consecutive calendar months of&seered data is present for all active meters in
the facility. If there is more than one meter sithenonths must be overlapping.

* A minimum of 10 electrical meter entries betweerah8l 45 days each over the 12 month evaluation
period.

» If a data center is present, it can be no more 186 of the gross floor area.
» If present, a garage cannot exceed the grossdiear of the entire building.

For offices, the minimum and maximum size depenthertype of office as shown in Table 17 below. In
addition, the office building must operate at l€2shours per week, have at least one computeoaad
occupant.

Table 17 - Office size qualification for ENERGY SRABuildings

Office Type Minimum (sqft) Maximum (sqft)
General Administrative| 5,000 10,000,000
Bank Branch 1,000 20,000
Financial Center 20,000 10,000,000
Courthouse 5,000 10,000,000

For hospitals, the gross floor area must be bet\#8¢d00 square feet and 5,000,000 square feet@mntbre
than 40 floors. The hospital must at least 16bes beds and no more than 1,510 licensed beds.

For hotels/motels, the gross floor area must bedxt 5,000 square feet and 10,000,000 squareTaet.
average annual hotel/motel occupancy rate must least 45%. The requirements are summarized leTa
18.

Table 18 — Number of Room Requirement for Hotel/Mbin ENERGY STAR for Building

Type Minimum Rooms  Maximum Rooms
Upper Upscale 20 2,500

Upscale 30 2,000

Midscale w/Food and Beverage 50 665

Midscale without Food and Beverage 40 320

Economy and Budget 20 700
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Kindergarten to twelfth grade schools must be betw000 to 1,000,000 square feet. The buildingtrba
used primarily for academic instruction including:

» Kindergarten
» Elementary
e Junior High
e Senior High.

College or university classroom facilities and ledtories, and vocational, technical, and trade alsho
cannot be benchmarked at this time. The schodtdibgimust be occupied at least 8 out of 12 monifse
school building must operate at least 35 hoursygmk and have at least one computer and one odcupan

Medical offices must be between 5,000 square fe@tlz000,000 square feet. The medical office ingld
must operate at least 35 hours per week, havasttdee computer and at least two workers but ne mo
than 3,500 workers.

Supermarkets and grocery stores must be betwe8@ & 250,000 square feet and no more three floors
The supermarket or grocery store must operateaat 8 hours per week. The main shift staff nest
between 1 and 400 people. The store must haeasttdne refrigerator and freezer case, but no thare
350 refrigerated and freezer cases and no more3thaan be walk-in. The store can have no mone 168
registers or personal computers.

Residence hall and dormitory spaces must be bet®@€0 square feet and 1,000,000 square feet and
contain from 5 to 800 rooms.

Refrigerated and unrefrigerated warehouses musetyecen 5,000 square feet and 1,000,000 square feet
The building must operate at least 40 hours pekwed have no more than 4,000 workers and no rhare t
35 walk-in coolers and freezers.

To receive the actual label, a statement of enpegformance must be signed and stamped by a reggiste
professional engineer. The statement of energpmeance reports the total energy use for eletyrend
each fuel, the rating, and all of the inputs tordting. The statement of energy performance daoeo
signed and stamped by a registered professionatearguntil they verify the following:

» Thermal comfort is in accordance with the provisiaomAmerican Society of Heating, Refrigerating,
and Air-Conditioning Engineers (ASHRAE) Standard1®®2, Thermal Environmental Conditions
for Human Occupancy (ASHRAE 1992).

* Indoor air quality is in accordance with the proms of ASHRAE Standard 62-2001, Ventilation
for Acceptable Indoor Air Quality (ASHRAE 2001).

* llluminance levels are in accordance with the llimating Engineering Society of North America,
IESNA Lighting Handbook - 1999, Lighting Design @ai(IESNA 2000).

In addition, the applicant must also sign a nonimaletter concerning the building verifying tharsa
requirements.

4.1.4 Audience

The number of inputs required to perform a ratisimg the ENERGY STAR for Buildings protocol is
specifically limited to make it easy for a wide ganof people to use the protocol. Almost anyoa¢ wWould
approve or manage the utilities bills for a buitglitould successfully use the web site to obtastiag. The
additional information needed beyond the utilitiyshis floor area, number of occupants, working tsquer
week, etc. The protocol is clearly aimed at thiéding operator, facility manager or building ownek
professional engineer is hired to verify the infation added and to ensure that the indoor envirohme
acceptable. Those involved in new building desigeh as developers or architects would not ushaWe
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access to actual metered energy use for a yedfrthay did, they could also use the protocolis lalso very
unlikely that many designers have access to piedEbf annual energy use and even if they did; ére
often inaccurate.

4.1.5 Ease of Use

The building characteristics information requiresing the ENERGY STAR for Buildings protocol is show
in Table 19, below.

Table 19 - ENERGY STAR for Buildings Information Reired

Information Offices  Schools Grocery Hospitals Hote Dorms  Warehouses Medical

ZIP Code X X X X X X X X
Gross floor area X X X X X X X X
Weekly operating hours X X X X X
Number of occupants X

Number of students X

Number of workers X
Main shift staffing X X

Number of personal computers/registefs X X X

Number of licensed beds X

Number of floors X X

Number of rooms X X

Number of months in operation/year X

Percent air-conditioned X X X X
Percent heated X X X X
Number of walk-in freezers/coolers X X

Number of refrigerated/freezer cases X

Presence of tertiary care X

Presence of above ground parking X

Presence of on-site cooking X X

Presence of mechanical ventilation X

Presence of on-site cooking facilities X

Presence of HID or halogen lighting X

In general, the ENERGY STAR information requirensesuite ones that can easily be gathered while the
building is in use without referencing building diags or specifications. The most difficult to éehine is
the exact floor area and the fraction of the flpacse that is heated or air-conditioned. In addit@energy
consumption data, between four and ten piecedafniration about the facility is all that is needed
complete the benchmarking process, depending obuiding type.

In addition, the monthly consumption is requireddth meters:

» Electricity

* Natural gas
» Steam

* Propane

* Liquid propane

* Fuel oil (No. 2)
» Diesel oil (No. 2)
* Chilled water

+ Wood

* Coal

The process provides guidance for the overall mglgerformance only and does not go beyond
benchmarking into evaluating the performance oividdal building systems. The web site does inelad
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great deal of information and resources to helpdmg owners and operators reduce the energy coptsom
of the building including:

* Creating an action plan

* Training and motivating staff
e Building tune-ups

» Lighting

* Fan systems

* Heating and cooling systems
* Energy efficient products.

The rating can be performed through the “PortfM@anager” on the EPA website related to ENERGY
STAR programs for businesses. The process ofiegtdre values needed is very simple and the digpfla
results from the rating is easy to understand aal lme customized. The energy consumption valuasrsh
appear to be site energy intensities but are heldéa as either source or site. Instead, thelaheded
simply as “Actual Annual Energy Intensity.” SeMeddferent views of the results from the ratingar
available by default including:

» Comparative (Initial/Current)
* Energy

* Environmental

* Facility Performance

* Financial
* Progress
e Status

In addition, alternative views can be created leyuber, which include:

» Rating (1-100) (Benchmark Results)

* Target Rating (Benchmark Results)

* Current Annual Energy Intensity (Comparative) kB Ft.
e Current Period (Comparative)

e Current Rating (Comparative)

* Initial Annual Energy Intensity (Comparative) kBg. Ft.
» Initial Period (Comparative)

» Initial Rating (Comparative)

» Actual Annual Energy Intensity (Energy Use) kBtuw/S4.

» Annual Energy Intensity (for Avg. Rating of 50)n&gy Use) kBtu/Sq. Ft.
» Energy Savings (Energy Use) kBtu (thousand Btu)

» Energy Savings per Sg. Ft. (Energy Use) kBtu/Bt.

* Energy Use Alerts (Energy Use)

» Period Ending (Energy Use)

» Total Energy Use (Energy Use) kBtu (thousand Btu)

* CO2 Reduced (Environmental) Lbs. (pounds)

* NOx Reduced (Environmental) Lbs. (pounds)

* SOx Reduced (Environmental) Lbs. (pounds)

* Annual Energy Cost (Financial) US Dollars ($)

¢ Cumulative Investment (Financial) US Dollars ($)

e Cumulative Investment per Sqg. Ft. (Financial) USI&s ($)
* Total Energy Cost per Sqg. Ft. (Financial) US Drslig)

* Building Owner (Organizations)

» Service and Product Provider (Organizations)
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e Zip Code (Organizations)

» Building Type (Space Use)

* Number of Occupants (Space Use)

* Number of Students (Space Use)

e Space Use Alerts (Space Use)

» Total Floor Space (Space Use) Sqg. Ft.
» Building Profile Status (Status)

* Full Year (Status)

» Label Application Status (Status)

» Last Modified (Status)

Multiple facilities can be individually entered anthnaged overall as a “portfolio.” Summary pageside
the ratings of all buildings next to each othemnglavith other views. Facilities can input metdommation
on an on-going basis to see how their rating chewmgilh time. This is a good approach so that gnerg
retrofit impacts can be tracked. Overall, the auteporting capabilities are quite comprehensiMe.
graphical depiction is shown for the energy usthefbuilding as part of a distribution of buildings

Meter data may be downloaded after entered fromviiesite. If meter data is already in a spreagtsite
may be uploaded to the web site.

A target value for energy consumption may be shasva goal for the user. A “Statement of Energy
Performance” can be generated on site and the séguied to get a label are made clear. A downbdada
PDF version of the Statement of Energy Performanet¢so available although the download link latexch
script rather than being a hard link to a file is timay cause problems with some Internet browsers.

To receive a benchmark score, the user must cagadecount. The user’'s name and email address is
required and the zip code of the facility is regdir No confirmation of the email address or useneis
required so someone very concerned about theiagyigould create fictitious accounts.

If utility bills for the last twelve months are irand, the entire process takes about half an heluding
looking at the results.

Overall, the Portfolio Manager could easily satialiythe needs for a building owner or operatoamenergy
analysis tool. The web site could be successtigbd by anyone familiar with the building and itiity
bills. The site is in English, no other languageears to be supported.

4.1.6 Use Statistics

During the first year of the ENERGY STAR for Buitdjs program, 1000 users assessed the performance of
over 2000 buildings. Of the 2000 office building8,earned the ENERGY STAR for Buildings Label
(Hicks 2000a). In a more recent brochure (EPA 200229 buildings had earned the ENERGY STAR for
Buildings Label. Of the 729, 436 were office binigk, 287 were schools, 3 were hospitals, and & wer
supermarkets. Of the 436 office buildings, investmvned approximately half, governments owned a
quarter, and owners occupied a quarter. In addi86% of the labeled buildings use an energy mamagt
system, 50% utilize motion sensors for lightingtegss, and 99% report that they perform regular atjpser
and maintenance. The 287 schools were conceniratet-dozen school districts making statistical
comparisons against other surveys difficult (Vondde2001). By the end of 2001, 475 offices were
certified with the ENERGY STAR for Buildings LabeSince the ENERGY STAR building operators
choose to participate, the self-selection bias rhestonsidered when interpreting the statistidse dffice
buildings totaled over 148 million square feet afgg floor area and represented 33 states andishécDof
Columbia. A recent press release containing sitifom March 10, 2004 states:

As of January 1, close to 1,400 of the nation'stransrgy efficient buildings,
representing about 325 million square feet, havmed EPA's ENERGY STAR
designation for superior energy performance. Thiédings qualifying as ENERGY
STAR use about 40 percent less energy than averagings without compromising
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comfort or services. Among the top performingdings are 791 offices and 375 public
schools. Supermarkets, hospitals and hotels acdouanother 221 labeled buildings.
These buildings can be found in 47 states and thei€ of Columbia. California,
Colorado, North Carolina and Texas each have o0 ERERGY STAR qualifying
buildings. In 2003, almost 500 buildings were lalethe most in any year since
certification began. Buildings earn the ENERGY B scoring a 75 or higher on
EPA's 100-point national energy rating scale. &kerage of all buildings qualifying for
ENERGY STAR through 2003 is 84.

The following table, Table 20, is based on recamual reports from the ENERGY STAR program of EPA
(EPA 2001, EPA 2002b, EPA 2003, EPA 2004).

Table 20 - Cumulative Use of ENERGY STAR for Buitdjs

Through| Cumulative Cumulative Cumulative AssessedCumulative Cumulative

Year Users Assessed BuildingsFloorspace (million Labeled Buildings Labeled
sqft) Floorspace

(million sqft)

1999 1,000 2,000 90

2000 4,200 545

2001 14,200 726

2002 15,000 2,500 1,100

2003 3,500 19,000 3,200 1,400 325

For office buildings over 50,000 sqft, the average for ENERGY STAR labeled buildings was 350,000
sgft while the CBECS average was 130,000 sgft. HHERGY STAR building size is significantly larger
than the average CBECS size and may indicate adsasd larger buildings when trying to obtain dlicl
recognition goal.

4.1.7 History

The ENERGY STAR for Buildings rating protocol wast made publicly available in 1999. At that tifhe
only covered office buildings. Other building typleave been added gradually. In addition, theopobthas
incorporated revised data and was updated. Tlabase used to derive the office protocol was cailyin
the DOE/EIA CBECS data from 1992 and 1995, lateras revised to be based on the CBECS data from
1999. The user interface on the web site has bpédated to increase the flexibility and featur@serall,

the algorithm used in the protocol has remainegklgrunchanged although it has been adapted fér eac
successive building type.

4.1.8 Rating Cost

A rating using the ENERGY STAR for Buildings ratingethod is free. In addition, the EPA does not
charge for the application process of getting aiERSY STAR for Building Label. Part of the procekses
require a professional engineer to certify the tafia the model and to make sure the building dardi for
the occupants are acceptable. The cost of thateatepends on the engineer hired but EPA pro\ades
estimate for these services of $0.005 to $0.0gpwEss square foot. This estimate seems very loa &mall
building but may be appropriate for a large buiddin

4.2 Technical Basis

4.2.1 Empirical Data

The ENERGY STAR for Buildings energy performancengprotocol is based on empirical data. The
following table, Table 21, summarizes the use efdata.
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Table 21 — Data Sources and Number of Records

Building Data Source # Records  #Filtered Records
Offices CBECS 1999 1125 910

K-12 Schools CBECS 1999 481 400

Grocery CBECS 1992/1995 194 88

Hospitals EPRI 1997 701 493

Hotels/Motels | HRG 1999 2915 705

Dorms CBECS 1999 81 79

Warehouses CBECS 1999 722 579

Medical office | CBECS 1999 93 82

Most of the building types were based on the U &ddtment of Energy, Energy Information
Administrations, Commercial Building Energy Consuiop Survey (CBECS). The CBECS database and
reports based on the database are available dtangecfrom thevww.eia.doe.goweb site. The CBECS
database is updated every four years and covetdrtited States. The CBECS database survey was firs
conducted in 1979 and subsequent surveys were ctatdin 1983, 1986, 1989, 1992, 1995, 1999 and thei
most recent was in 2003. They fully disclose thaitvey methodology and provide extensive
documentation. It is clearly one of the best bogdenergy databases available. The survey melbgylts
described as:

The CBECS is conducted in two data-collection stageBuilding Characteristics
Survey and an Energy Suppliers Survey. (For tl8® T8BECS, the Energy Suppliers
Survey was initiated only if the respondents toBbading Characteristics Survey could
not provide the energy consumption and expenditafesmation.) The Building
Characteristics Survey collects information abalested commercial buildings through
voluntary interviews with the buildings’ owners, magers, or tenants. In the 1999
survey, these data were collected using Computsistesl Telephone Interviewing
(CATI) techniques. (In previous CBECS cyclesjrtfmation was collected during
personal interviews.)

During the Building Characteristics Survey, respents are asked questions about the
building size, how the building is used, typesnafrgy-using equipment and conservation
measures that are present in the building, thegygfeenergy sources used, and for the
1999 survey, the amount and cost of energy useeeibuilding. Building respondents
could provide the consumption and expendituresrimfdion for approximately 60
percent of the sampled buildings. For the remajmf percent of buildings, the energy
supplier names, addresses and account numbersokéaaed.

Upon completion of the Building Characteristics By, the Energy Suppliers Survey is
initiated for those cases that did not provide aonption and expenditures information.
This Suppliers Survey obtains data about the bugfdi actual consumption of and
expenditures for energy from records maintaine@grgy suppliers. These billing data
are collected in a mail survey conducted under Eldandatory data collection
authority. A survey research firm, under contriacEIA, conducts both the interviews
for the Building Characteristics Survey and the Insarvey for the Energy Suppliers
Survey (http://www.eia.doe.gov/emeu/cbecs/howcaoeduitml).

The CBECS database includes a field that desctiiteegrincipal building activity (asterisk indicatiés use
in by ENERGY STAR).

* Administrative/Professional office*
* Auto dealership/Showroom
* Auto service/Auto repair

GARD Analytics 38 1286-RP —Final Report



» Bank/Financial*

* Clinic/Outpatient health

» College/University

» Courthouse/Probation office*

» Doctor/Dentist office*

» Dormitory/Fraternity/Sorority*

* Dry cleaner/Laundromat

» Elementary/Middle/High school*

* Enclosed mall

» Entertainment (Theater/Sports arena/Nightclub)
» Fire station/Police station

» Government office*

» Grocery store/Food market*

* Hospital/Inpatient health

* Hotel

» Jail/Reformatory/Penitentiary

e Laboratory

e Library/Museum

* Motel/lInn/Resort

* Non-refrigerated warehouse*

* Nursing home/Assisted living

» Other education

» Other food sales or service

» Other health care

e Other lodging

» Other office*

»  Other public assembly

e Other public order and safety

» Other retail

» Other service

» Post office/Postal center

» Preschool/Daycare

» Recreation (Gymnasium/Bowling alley/Health club)
» Refrigerated warehouse*

* Religious worship

* Repair shop

* Restaurant/Bar/Fast food/Cafeteria
» Social meeting center/Convention center

* Store

e  Strip shopping center
 Vacant

e Other

The Electric Power Research Institute (EPRI) datels called the Energy Benchmarking Survey, which
does not appear to be publicly available althoaghreferenced in another report (EPRI 1997). ERRI
database does not appear to be maintained. \feeyidi known about this database.

The Hospitality Research Group (HRG) databasedd usa report titled Trends in the Hotel IndugtiRG
2004) but the database itself is not publicly aag. The 1999 version of the report is no lorimeng sold.
The HRG database appears to be updated annudlyEFA contracted with HRG to process the data
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specifically to provide information for benchmargimodels. The HRG database has been gathered
annually for almost 100 years. While they do nistldse the details, given that members of hot#stries
are their clients, the database is presumed toghyhreliable. The survey is conducted with hstahd
motels throughout the United States and the regmorerated from the database includes information on
major market cities. The financial data gathermilides annual utility costs for each utility serythe
hotel. It is not clear whether utility energy cangption is actually gathered as part of the sunreyould
need to be derived based on energy cost. Thestarelindividually classified into one of nine apiges
based on Bear Stearns and Company categories:

* Deluxe
e Luxury
* Upscale

* Midscale with food and beverage

* Midscale without food and beverage
 Economy

* Budget

* Extended Stay High

* Extended Stay Low

For the ENERGY STAR benchmarking database, sontieeske categories were combined or eliminated.
Deluxe and Luxury were combined. Economy and Budgee combined. The two extended stay
categories were eliminated because they containgdadew records.

Although not explicitly stated, all three databasessnapshots of the current population of thespeactive
buildings.

Each database was filtered to get rid of anomalecsrds and create a database that appears more
homogenous. The filters for each are shown irfalewing table, Table 22.
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Table 22 — Filters Used with Database

Building Filter Variable Criteria
Offices Gross building area 5000<x (1000<x banks)
Weekly hours of use 30<x
#Months per year 10<x
Occupant density 0.3<x<10.0
#Personal computers 0<=x
Source energy intensity 42.67<x<731.2
K-12 Schools Gross building area 4,999<x<900,000
Weekly hours of use 30<x<168
#Months per year 8<x
Cost per MMBtu $1.5<x
Classroom seating capacity x<10,000
Source energy intensity 37.3<x<314.8
Grocery Gross building area 4,999<x<1,000,000
Weekly hours of use 29<x
#Months per year 10<x
Electric consumption 0<x<10,000,000,000,000
Heating plus cooling degree-days 0<x
Food sales percentage 89<x
Hospitals Complete records N/A
Hotels/Motels | Complete records for non-extendey sta N/A
Dorms Source energy intensity 40<x<425
Warehouses Gross building area 4,999<x<1,000,000
Weekly hours of use 35<x
#Months per year 10<x
Electricity used 0<x
Medical office | Weekly hours of use 30<x<168
Number of workers 1<x
Source energy intensity 38<x<575

The use of source energy intensity as a filteradel misconstrued. Since that is the dependerathlarn
the analysis, limiting the records to only thoséhimi a given range could introduce a bias in thseilte. If it
is used as a filter variable, explanation shoulgtowided to show that it does not bias the resuttsnay be
that the filters are used to remove questionaltie, dehich if it remained in the database wouldliikaas
the results more.

4.2.2 Use of ASHRAE standards

Receiving a rating using the ENERGY STAR for Builgiweb site (Portfolio Manager) is performed
without any reference to ASHRAE standards; howeteeactually receive a label, a professional ergjine
must be hired to certify that the building meetsrfimdoor environmental criteria:

* Indoor pollution controlled

* Adequate ventilation provided
* Thermal conditions met

* Adequate illumination provided
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The first three are based on meeting ASHRAE stailsdaind the last on llluminating Engineering Socadty
North America’s Lighting Handbook (IESNA 2000). €asure that the building is comfortable for the
occupants the building should comply with the regmients of ASHRAE Standard 55-1992, Thermal
Environmental Conditions for Human Occupancy (ASHR¥992). The EPA produced Professional
Engineer’'s Guide (EPA 2003b) specifically states:

The assessment of thermal comfort should takeaitdount all measurements and
observations, and does not depend upon one occapa@ak not meeting the temperature
and humidity requirements. After considering aflasured data and observations, it is
the responsibility of the PE to determine whetherluilding meets the letter and spirit
of ASHRAE Standard 55.

To ensure that adequate ventilation is providedthatindoor air pollution is controlled, the build should
comply with ASHRAE Standard 62-1999 (ASHRAE 1998)ealthcare facilities may meet the requirements
of Standard 62 or the AIA Guideline for Design &uahstruction of Hospitals and Healthcare Facilities

(AIA 2001).

In addition, not all spaces need to be surveydus dllows the professional engineer to more easigess if
the building can receive the label while focusingit efforts on making sure the building is not sihg the
labeling system by ignoring the indoor environment.

Furthermore, although not referenced as a requingriee Professional Engineer's Guide (EPA 2008b) i
the section on indoor air pollutants under the ‘telind Tips” subsection, suggests reviewing ASHRAE
Standard 52.1 Gravimetric and Dust-Spot ProcedoreBesting Air-Cleaning Devices Used in General
Ventilation for Removing Particulate Matter (ASHRAR92b).

4.2.3 Documentation available

The documentation that is available from EPA conicgythe ENERGY STAR Label for Buildings rating
method is quite extensive. The documentation gedusupport for improving energy efficiency in dings
that don't qualify for the label (EPA 2001e) as hasd extensive technical reports with enough lefeletail
to be able to replicate the rating methodology.

The technical documents that have helped form #iséstior this report are available at no charg&BA’s
web site and they include:

« ENERGY STAR Label for Buildings Technical Descripti(EPA 1999)

» Technical Description for the Hotel/Motel Mod&PA 2001b)

» Technical Description for the Grocery Store/SupekeiaModel (EPA 2001c)

» Technical Description for the Hospital Model (EP®02.d)

» Technical Description for the Office, Bank, FinaaldCenter, and Courthouse Model (EPA 2003c)
» Technical Description for the K-12 Model (EPA 2093d

» Technical Description for the Warehouse Model (EXQ3e)

» Technical Description for the Medical Office Buitdj Model (EPA 2004b)

» Technical Description for the Residence Hall/DoorytBuilding Model (EPA 2004c)

» Benchmarking Commercial Building Performance: "Sérd "Source" Energy (EPA 2001f)
» Professional Engineer’s Guide to the ENERGY STARdldor Buildings (EPA 2003Db).

Many other pieces of information were gathered ftbemENERGY STAR web site directly including degail
on weather normalization. In addition, the follagiipapers have also served to provide context and
understanding of the ENERGY STAR Label for Buildimgtocol:

» An Evaluation of America's first ENERGY STAR Buitdjs: The class of 1999 (Hicks 2000a)

* U.S. National Energy Performance Rating SystemEEMERGY STAR Building Certification
Program (Hicks 2004)
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» Building Performance Defined: the ENERGY STAR NatbEnergy Performance Rating System
(Von Neida 2001)

» The ENERGY STAR Building Label: Building Performanthrough Benchmarking and
Recognition (Hicks 1998)

* Implications of Ownership: An Exploration of theaSt of 1999 ENERGY STAR Buildings (Janda
2000).

Other publications are available that deal lesh e description of the technical basis of théesysand
more with how to apply the label.

4.2.4 Calculation details

The most complete description of the calculatiotaitkefor the ENERGY STAR Label for Building rating
method is described in the preceding section oiladoka documentation and written by EPA. Whilesthi
section summarizes the calculation steps, it shoolde considered a substitute for reading thecgpiate
technical model description provided by the EPA.

The dependent variable for all building types isatural logarithm of source energy. The sourceggnis
computed based on the following factors in Table 23

Table 23 — Source Energy Multipliers

Fuel Type Source Energy Multiplier

Electricity 3.013
Natural Gas | 1.024
Fuel QOil 1
Steam 1.38
Hot Water 1

The source of the conversion factors is not disedigsit the values for electricity and natural gias,
primary types of energy consumption in commercialdings, seem reasonable. The fuel oil and haemwa
multipliers appear to be too low. In the casedaifmater, since fuel is usually consumed in thedpotion of
hot water, the multiplier should be at least thiei@af the natural gas multiplier. Further, losBesm
distributing hot water would imply an even greatalue. For fuel olil, its distribution by truck artd
processing in a refinery mean that more energgesl yrior to delivery to the customer, and theeeftsr
value should also be greater than one. On-siewable energy reduces the amount of energy consumed
from the utilities so it does directly affect thating. Off-site renewable energy is not part &f thting
process since the source energy multiplier canea@hlanged. If the building is served by multipletens,
they are added together to form the total buildiogrce energy consumption. Sub-metering, for glesin
end-use or part of a building, is not used by #timg method. It is not clear how a building thaed district
chilled water would be evaluated.

The independent variables examined in the stadisdicalysis of the data are shown in Table 24.
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Table 24 — Examined Independent Variables

Building Variables

Offices Heating degree-days* Natural log of weekly hours of use*
Cooling degree-days* Indicator of bank*
Natural log of #workers* Indicator of financial center*
Natural log of #computers* Indicator of courthouse*

Natural log of gross building area*

K-12 Schools Heating degree-days times perceneti®at Presence of cooking area**
Cooling degree-days times percent cooled* Natural log of hours/week >50% occupied**

Natural log of #computers* #Months per year**
Natural log of gross building area* Indicator of mechanical ventilation*
Natural log of classroom seating capacity*
Grocery Natural log of heating degree-days** #Months per year
Natural log of cooling degree-days** Natural log of #Workers*
Total degree-days Worker density
Percent cooled Natural log of #floors*
Percent heated #walk in freezers or refrigerators
#Computers or registers** #open refrigerator cases
Natural log of gross building area* #closed refrigerator cases
Presence of cooling Natural log of #total refrigeration units
Presence of cooking area** Number of attached walls
Natural log of weekly hours of use** Presence of high hot water demand area
Natural log of #floors*
Hospitals Heating degree-days Indicator of tertiary care*
Cooling degree-days Indicator of above ground parking*
Total degree-days* Indicator of on-site laundry
Natural log of gross building area* Indicator of on-site food service
Natural log of #beds* Indicator of MRI facilities
Natural log of #floors* Indicator of radiation therapy
Natural log of #employees Indicator of swimming pool
Indicator of acute care/children* Indicator of teaching hospital
Hotels/Motels | Natural log of heating degree-days Natural log of #guest rooms*
Natural log of cooling degree-days Indicator of food, beverage or banquet*
Natural log of total degree-days*
Dorms Heating degree-days times percent heatedNatural log of gross building area*
Cooling degree-days times percent cooled* Natural log of #sleeping rooms**
Warehouses Indicator if refrigerated* Cooling degree-days times percent cooled*
Total number of walk in refrigerators* Natural log of #workers*
Natural log of gross building area* Natural log of weekly hours of use*

Heating degree-days times percent heated*Percent lit by HID or halogen*

Medical office | Heating degree-days times perceatdw™  Natural log of #workers*
Cooling degree-days times percent cooled* Natural log of weekly hours of use**
Natural log of gross building area*

* Indicates left in model due to t-Statistics otteethan +/- 2.0
** Indicates left in model due to strong preferetgeusers

The great variety of building variables is apprat#igiven the difference in important drivers fifedent
types of buildings. What is unusual is that commarnables such as heating and cooling degree-days
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appear in different forms. For some types of bingd, offices and hospitals, the heating and cgatiegree-
day variables are directly in the model, unmodifi€éer other buildings, the natural logarithm oatieg
degree-days and the natural logarithm of coolirgyele-days are in the model (grocery and hotel/motel
For still other buildings, the heating degree-dagnultiplied by the percent of the heated floorgpaed the
cooling degree-day is multiplied by the percent@dled floorspace as variables in the models (Kdb2ms,
warehouses, medical offices). This type of vasiabf how variables are included in the differenilding
type models is repeated for other variables aldwds variation can be explained based on either the
evolution of approaches as new building types aeded to the ENERGY STAR for Buildings list or by
tenacity on the part of analysts looking for difflet combinations and manipulations of the variatieget
the best fit to the model. Either way, it is a ddesson that future analysts should be open taudifferent
forms or combinations of variables for differenildings in order to obtain the best fit for the nebds
possible.

To understand the relative importance of buildilogif area, the regression models were first exatnine
based on floor area only as shown in Table 25.

Table 25 — Measure of Model Fit

Building Floor Area Only Model R Full Model R
Offices 0.91 0.93

K-12 Schools 0.85 0.87
Grocery 0.63 0.79
Hospitals Not shown 0.83
Hotels/Motels Not shown 0.60t0 0.88
Dorms 0.86 0.88
Warehouses Not shown 0.80
Medical office | 0.91 0.93

The previous table indicates thé Rhich is a measure of how well the multiple resgien model fit the
data, for the complete model and one that are baséidor area only. In general, for building tgpsith
both figures, the addition of other variables after floor area increased regression fit minimakgept in
the case of grocery. This result is somewhat @untuitive. Normally we would expect that many
different factors affect energy consumption in dimigs including the variables added to the mo&shce
this is a statistical sample, what is not showntlaeemany real world impacts of other unknown pai@rs
of the surveyed buildings, such as the actual tranian occupancy, the level of insulation, and tyy@e of
glass. Of course, it is also possible that theehfmrmulation is poor and that these variablesla/gmpact
the model more if the formulation of the model wiferent. Since the impact of each parameteeiy v
small, the inclusion of just a few is bound to omhprove the accuracy of the model a small amount.

The criterion for keeping a variable in the modakwvhen the T-stat is better than +/- 2.0. Sonddiadal
variables were kept in the model because userstega dependency on them even if their impactiesss
than T-stat +/- 2.0.

The hotels were actually modeled as five differanttiple linear regressions, one for each clagsotél.
The variables shown as included were not includeadliof the hotel models.

The model is then applied to the filtered recordsnfthe CBECS, EPRI, or HRG database, as appreptat
calculate the Predicted Source Energy consumptioadch record. This is done to normalize the dad
smoothes the results so they don’t show as muaonarvariation at the individual record level. Taéese
then put into a histogram and values that corredpothe thresholds for each percentage point 246,326,
.., 100% are computed and are called Predictedc8dtmergy Thresholds (normalized curve). Thesaegal
are then fit to a gamma distribution to further shoout the values keeping the 75% value constanmgl
the fitting so that it does not affect who is diigito receive the ENERGY STAR Label. The reagated
for this step of fitting the data to a gamma disttion is to reduce the clustering of results thay result in
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a small change in source energy making a multipietgchange in score. This step removes any “ggjgi
that can result from a model that is based on @ddmumber of data points. This was stated tarbessue
for beta test users. The values after the apmitaf the gamma fit are called Fitted Source Eperg
Thresholds. The Fitted Source Energy Thresholelstt in the form of values corresponding to 2%,

3% all the way to 100% in 1% increments. The im@pts correspond to the Energy Performance Rating
values of 1 to 100.

Two different steps in the process to increase $irog, using the model to compute the Predicted@ou
Energy for each record and the application of argarfunction to compute Fitted Source Energy seems
unnecessary. The gamma fit alone would probalsiyltén a smooth curve. The risk of two differsteps
to promote smoothing is that is reduces variatiwh may artificially affect the energy consumption
variation.

All of the preceding calculations were performeddach building type once and stored for retri@gathe
“base normalized comparison curve” when a useragiglan energy performance rating. The varidbbgs
the regression models use are the same as the pyawvided by the user. Each independent variatitee
model has some type of input from the user. Inesoases such as heating and cooling degree-dayssein
provides a zip code and date range and a databaserage temperatures for locations throughout the
United States is accessed to compute the degree-ddae model provides an “adjusted normalizedtltes
specific to the user values for each individualdiog.

The user inputs monthly electricity and fuel conption based on metered energy use from utilitys bill
These are converted into annual source energy tisengame multiplier as was used in the database
processing, see Table 23. The user provided seme®yy consumption is then normalized for weather
make the energy use reflect a 30-year averageiresul the Weather Normalized Use. This is beedhs
same building may experience significantly différereather from year to year and the label shoupdyaio
its expected typical performance. The weather atimation method was developed by Dr. Kelly Kidsoc
of the University of Dayton and is described onBRA web site and is quoted below (EPA 2004f):

1. Based on its zip code, a building's monthly elettyriconsumption is regressed
against the corresponding monthly average dailyperatures for that area to
determine the building's response to the actualtiv¥aconditions experienced.

2. If one month's electricity consumption is signifitta different from the
building's average monthly consumption (i.e., astec0% higher or lower than
the mean), that month's value is not included énrblgression analysis.

3. Based on the results of the regression analyss¢otical, 30-year average
values for monthly average temperatures are thexd ts normalize the
building's actual 12-month electricity consumptatata up or down.

4. Steps 1 and 3 are repeated for non-electric eneogygumption - specifically just
natural gas and district steam - to normalize tliding's actual 12-month non-
electric energy consumption up or down. The autéist in Step 2 above is not
performed for non-electric fuels since usage ofdhieiels often varies widely
over the course of a year. Also, weather normébraon non-electric fuels
other than natural gas or steam is not attemptedesactual monthly
consumption is typically not precisely known. Nbakess, consumption of non-
electric fuels other than natural gas or steam. (ifeel oil) is collected and
included as part of the building's total energy ustin Portfolio Manager.

5. The normalized electricity and non-electric enecgpsumption values are then
added together to determine the building's weattftemalized annual energy
consumption. The total weather normalization apiesnt is limited to a
maximum adjustment of +/- 15%.
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The next step is to take the user’s building arglaiing characteristics and apply those to theessjpn
model for the type of building specified by the s the benchmark and obtain a Predicted Sounszdy
use. The Mean Source Energy use from the regressidel, a value from the multiple regressionidit,
used with the Predicted Source Energy to form ajugtthent Factor. The Mean Source Energy is simply
the mean value of the source energy records indghmalized curve:

Adjustment Factor = Predicted Source Energy / M&aurce Energy

The Fitted Source Energy Thresholds are then nfieltiipy the Adjustment Factor to obtain the Custzadi
Source Energy Threshold use for each of the 1@&3tinid values:

Customized Source Energy Thresheldritted Source Energy ThreshatdAdjustment Factor

The Weather Normalized Use, the actual consumpitomalized for typical weather, is then compared to
each of the Customized Source Energy Thresholdesdlifbs to 100%). The lowest Customized Source
Energy Threshold that is smaller than the Weatlwmnidlized Use is the Energy Performance Ratinp®f t
building. Remember, this is on a scale of 1 to 400 corresponds roughly to the percent of builsliwgh
lower performance than the rated building.

For some building types, secondary spaces are edlow

* Computer Data Centers
* Garages and Parking Lots
* Swimming Pools

The energy consumed in these secondary spacekkislyito be separately metered and requires an
adjustment in the rating process. The derivatrite adjustments is described in EPA 1999. THiaes
are added during the process. The values are basthé type of secondary space and the flooramda
operating hours of the secondary space. For ca@npata centers, a constant of 359.5 kBtu/sqf$-ysied
without an operating hour adjustment. For parkagilities a lighting and ventilation value is miplted by
the number of operating hours per year to arrivte amn allowance. Adjustment for a swimming poailso
made. No additional adjustments are made for skagrspaces in buildings.

While the algorithm is not publicly available, fiauld be reproducible based on the data and déscripf
the algorithm shown in the papers.

The user that enters data to determine their ENEBEAR rating bases that data on information from
utility bills and characteristics of the buildin@he utility bills, usually based on actual metereadings, are
likely to be quite accurate. The heating and captiegree-days are fairly accurate since theyasedon
Zip code and the nearest weather station is likehave very similar climatic conditions. The réniag
building characteristics may be approximationse fbimber of computers, refrigerators, beds, etay, loe
based on a quick informal count of those itemsamell on a reasonable approximation. Either way, e
unlikely to be incorrect by more than a few percefite number of people is bound to vary and may be
based on the number of people that should occupipuiiding instead of the actual average number of
people in the building. The percent of the ared ihheated and cooled is likely to be a low dyalumber
since estimating floor areas is time consumingamedstimate would probably be considered suffidient
most users of the rating protocol. Fortunatelypfithese factors each contribute little in théding energy
use statistical model. For every building type, floor area was the most important factor in tloeleh. The
quality of the floor area number entered by the psebably swamps the variation of the other values
entered. So how good is the floor area number@oriiing to the Professional Engineer’'s Guide:

The user-entered value for area must be the grassior area of the building, or in the
case of a user-specified office block, the grosarior area of the office block. This
includes all area enclosed by the exterior wallshaf building, including hallways,
lobbies, stairways, elevator shafts, and electrehranical/janitorial closets. (EPA
2003b)
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While the definition of gross floor area is cleiais unlikely to be known with great precisionuiiling
occupants seldom have easy acc